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The e f fe c t 'h a s  _ boon' studied:, o f quenching, In  m b er and' 
o il*  o f air^eoolinsj, and o f  subsequent tempering* on several 
binary* ternary- and quatornery bypo«*oubeet;Qtd a te : iniura brorsGs®;
f  . • '  /
Jomiry te s ts*  and 5/ 16" square bora wore used to  study 'tho  of foot 
o f  m s  a on depth hardening* and fin a lly *  mechanical p ro p erties  
were determined on. pelootod. combinations o f a lloys and heat® 
treatm ents* . • ' • •
The hypo^onboeboid b inary  a lloys showed th a t  th e  
mximun liardnoos obtained varied  from th a t  o f the  lowest aXtmniur 
content wciter^queaohed to th e  h ighest bypo-outootaid a llo y  air® 
cooled* oll®quenohing sometimes giving the 1asccintua Imrdnqss® '• .. 
Tempering caused eons Id ©rob Xo Increases in  hardness when ca rried  - 
oat ob 300.- 400°0. ‘ : ' -
For th e  complex a llo y sa .the  h ighest hardness m s  given 
by oIX«quenohimg* followed by mter*quenohing# w ith  air®ooo!ing
Oiv ing  l i t t l e  hardening® - Again*' tempering gave a m rbod peal:
o  'hardness a t  4QQ 0* and in th e  ease o f  two alloys* a marled •
secondary pool: a t  600°0* .The wator®cooled Joniny t e s t s  showed
a  so f t  quenched"end (corresponding to  the  mter®qu©nchc& specimen)
followed by a  r i s e  to  a  peak hardness - (approximating .to th e
1
tempered .hardness) followed by o( p rec ip ita tio n *  end a doorcase 
to  tho air®ooolod hardness* ♦ -
Tho ro su its  obtainod on a l l  a llo y s are  aooribod p a r tly
• - V ' V
to  tho  narbes .^ Sa”5>J»0 transform ation  % ©ad p a r tly  to  agoing
tM clim y talro -place- during a slot?' cooling rate (o«£** oil-* 
quenching)* possibly duo to a varying solubility line for the 
ei phase# . Tho behaviour' during isothermal transformation can 
also be - explained in th is tnay# except where the aluioinim - 
content is  high enough to allow euteotoidal decomposition to - 
take- place*'
Determinations of meeliahical proportion sIot that ' ■ 
ico thermally transformed specimens* for tho some hardness* give, 
lower iwksdoe^m  elongation*.-
/
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■ ■ ■ ~ . v ■ . i i i s p m m w B
p ' l i t  th e  bine' th e  w rite r  m s  associated  w ith  a  largo , 
l ig h t  noolioaloai eM eX so triaa l t  ^  „ g o ke* a  irarioby
o f a ln n in iu s  bronzes t a a  u so d 'fo r th e i r  and.higli ,. ■
■ strongtli proportios*
■ 1  ^ ■. ■ •■ <
- Tilion decisions had to  bo m do about acceptance* i t
 ^m s  re a lise d  tlia t t&ooot tho  solo b a s is  o f  taiowledge m o  tho
, i  ■ . 3& .
book published by tho Copper -DovQlopDonb Association* . Xliis
* ~ i '' _
*
.femlodgo o ften  second''inadequate* and has since boon oonfirnod to
V bo so by oairrorsoMons w ith  producers* rso ta ilu rg ists* . IM o , ' '.
■ .p a rticu la rly  app lies to  tho  hardening* tcssporXag- end cmneaXing
. o f  th e  ■ dupler a id  oom len alloys* • ’ ’ : ’ , ) '•
■ ’■ Dio castings* forgings and b a r  m to r ia l*  wore used* ■." 
u sually  those, containing n ick e l and' iron* Tim xmz£mm s tre s s  ' •
■ was o ften  holor? n  ’uirorim ts. isi oDtbrndod rod* 'and' th e re  was 110 , 
eo rro lab ioa  witdi th e  isiaro^strueturo* •' • Tihm- th e  m 4 i t »  s tre s s ' 
o f  a llo y s oouCuirfrg J^'-oaoh-Of n icke l and iro a  wore -high' and*
■ ' . ■ - • • ' \ ' y
. iu &t>m mmo» tonsil©  s tre n g th s 'o f  up to  74 tonq/eq*in* have boon 
reoor& od,' w ith  10A elongation on 4&$ tho  skraotaros were o f te n
■ v e r y f in a  mid n ea rly  irreso lvab le*  Tim aXindniun content o f  such
alloys demons' fl wide range, mid i t  m s  Xoarnbthok those a llo y s  ■
\
. wore 110a t  troublosono to  produce and work, and th a t  l i t t l e  was
■ la3mm o f 'th e  fa c to rs  c o n tro llin g  tho  as*»o:-cbrudGcl pronorbies o f -
' tJl ■ ■ * ‘ -■ theoo alloys* ' .P fe il  lias sa id  th a t  iro n  must bo p resen t to
t ' ■' ' ' , ’ 1’
V (V) ' ' ; -
■maintain wesmess o f ■ p ro p erties  in: d ie  easting* ■ ; At' a la b o r : ' -
d a te ," th ese  complex a lloys have,- however*' bean successfu lly  - y 7
' produced as bar-w ith 'good croep proper tie s*  by c a re fu l con tro l :
' 7 4 .  ^ ‘  * . ■ ; *-
o f composition* . The author was also  associated  w ith tho f i r s t
, attem pt to  cold dre&v those a lloys in to  wire,- which was ©xpeobed
to  bo d i f f ic u l t  end not a  oOEKoroial proposition* v  ' , k
. '.■■■■ A 'simple sob, o f e~!porinontsin to  Isotherm al transform ation
of a dio oast, a llo y  containing AX Fo 2*2$ showed th a t"  „ '
... v - . ■ - ' /■'
hardnesses wore obtained which compared w ith  conventional ' -
v  -
hardening and teiiporiiig*, 'At th is  tine* work had only boon . 
published oil- p la in  ©utectoid a llo y s , but i t  sooaod poosiblo th a t  .,• 
tho fcypo^outootoid .alloys should also  transform  isQtbermaXXy* as 7
, .i 1 1 '
w ith stools* ■
The work m s*, th e re fo re , s ta r te d  w ith  tho ob jec t' o f  -:
, studying tho c o n s titu tio n  o f tho complex aluminitsa broncos and . ••’ : 
o f th e i r  Isotherm ai .tr$ns£brm tlo&  c h a ra c te r is t ic s , and th e  p la in  
e&ftdnium 'bronsos were a lso  included* - In  addition* tho .response ; 
to  normal' hardening and tempering would be studied in  view o f tho -■ . 
• sc a rc ity  o f ' genuine explanations on tho  e ffe c ts  o f heab-troatm eiib; -' 
on- both tho p la in  and tho complex browses* ’ '
-The tiork m s . s ta r te d  a t  the- Biroin<£han College o f - - 
Teclmology, and continued a t  B attersea  £olyt©ckr;ic* ■ Thanks are  
due* © spedally , to  Ecvbtcrsoa Polytechnic, fo r constant 
encouragement' to  pursue the' work| and fo r  • he lp fu l d iscussions ,
Tw ith  hr* 177  Berry and h is  • colleagues* Tho author 'would a lso
' ‘ .
( v i )  /! " v ;
lik o  to  thank I*C*I* Ltd## fo r tho determ ination o f  eono o f tho 
analyses quoted* and "The 0,1*0* Eosoaroh Laboratories fo r hot* 
ro llin g  rods* a f te r  attem pts to  cold draw tho a lloys had proved 
u n su cce ss fu l# '■
, ' " 9thb m w m  op m m  m  fa  it  m m zm * ' .
' 1 " / '
/  '  ' ' t . "
1 • Iton add itions to, a li^ in iu n  brcnises lias been-very
popular Proa the  in i t ia l  d0velopaent-<»f: those alloys* and in  
» '
' _ America ■ to-day th e re  i s  a  eomplot© tmg& o f  iron^ccntcdnins 
, alloys* CosEioroial typos av a ilab le  in  England'ar© &wvm in
'Table l 0 ' .. , - ■; ■-■ '
^  ■ , ■ 1 ■ 1 < ■ ■ ■ . ■
' ■■ TABLE W
■ , ' " . . Cosreoo.‘tio ji
. o f  A3 \ :h~Urs Bro;_ sos eorrbgvlrdp^ im n  .
0oir;ix>,5i t io n T * ~/» O .^ rp re o f *■ * EXongr -
I god 
.ft*lb* :
1 Spooifi-
ca tion
ill 4 h i. S tress 
tons/sq* in * '
t-< ui OkiS
tens/gq* in*
obion X. 
on ''AjK -
ECO 1400 S*5- 1*3* 1*0 11* ■ ■ 52 " 20 25-35 ;• 
/,aci~c* . ; i o . 9 : 2 .3  ; ■ •'xaax* min. mm
DTP 174.
10*9 ;
1*5-
3.5 ■
** : m -■ . .. w . n. \ ** •
* not specified*/;. ■ , ■
C onstitu tion* . • ■ .1 • •■
■ h , ' There hear© boon th ree  major iiw ostiga tions in to  ilia •,
• ’ v ■ V ' ' '■
c o n s titu tio n  o f  alUDinim  bronsoa containing iron* and though the
main fea tu res  ore sim ilar* th e re  a re  minor differences* ' ,
.. 42
, * Tlio e a r l ie s t  t&rls:, in  1950* by hieim ura and Ilieatsuno
' 1 ■ , : ? ’ 
showed th a t  Invarian t reac tio n s arose iron  .a f  phaso* . X^roy vjorh
9- ■ ■ ' ■ ; ' 40 .
by Bradley one! foldcolmdclt in  1959. supported th o ; e a r l ie r  vsork#
m X **
though the  c o n s titu tio n  o f ©lowly ooolod a llo y s only a t  room ' •
tamper atnre, m s  determined* ■ In  th is  ease a mor© marrow rang© o f *
. composition fo rth ©  f  phase m s  found* and was c a lle d  '
corresponding to  a  phase based on P©AXj w hile tho Iro n -ric h  pirns©
present in  ■ <* a lloys was based on th e  . (5-FoAl phase*. These £
■phases should no t bo confused w ith  those o f  th e  binary GuAl system*
’ ' 55 .
, A th ird  in v es tig a tio n  by Yutaka in  1941 supports th e  o th er two*; 
'though the T phase i s  not mentioned* and an *F© ie  substitu ted* a 
name which is  misleading* but .appears in  fa c t  to  oon&ain. F© 82%
Al. 16*4% Cu 2*64* R ielnura and Hisatsun© in  fa c t d istingu ished
/  .
between u  and Y iron* the  T. phase being e n tire ly  d ifferen t*
-  112 .
Easbcrr. and hack also  f e l t  th a t  the  co n stitu en t m s  • °* iro n , but •-  . 55 .
they only gave tho reference to  Yutaka, • and mod© several wrong’ -
assumptions*
A comparison o f a v e r t i c a l ' section  a t  4/1 iron  o f  
Blsimura and Eisatstap©* s.. te rn a ry  system proves th a t  i t  i s  very 
much more complex than  those given by Yutaka fo r 3$ aad iron*
and th e  two can only bo reconciled  w ith each o ther i f  In  tho former
• 'diagram the (2 and <* Fa phase f ie ld  i s  extended down to tho
©utootoid horlson tal*  . . Biaiiaura and ElsatsiM o’ s t .Phase extended •*
/  ■ 42
over a range o f composition* AX'■20-27/% Fo 25-45/% Cu balance, •
while the* maximum' lim itin g  so lid  so lu b ili ty  fo r  iron  in  aluminium
occurred a t  the  junction  o f th e  *t phaso fie ld s*
a t -41 8;% Fo 2%  in  the liq u id  s ta te ,  decreasing to  approximately 1
55 122 
AX 9/% F© 2/S a t  55®'®* lluno-ilotliory and Haworth found th a t
■irtapproximately Fo 0*7A At* could bo re ta ined  in  so lid  so lu tio n  in
- ' !
' , ■ ' -  2  -  -
Coppor-aluninim alloys*. giving 1 ron & v a l le y  of 1*1 tor tho 
A |*Mf mik '0*9 fo r tho <±-\^  / §  .boundary^ •.-. Iron, behaves • 
sim ilarly to mnganese and cobalt In th is  respect*a A third  
phase should*' therofo'ro'j bo present in a l l  oast alloys containing 
&00YB l^.iron* bat in  practise* in normal east alloys -mobmore 
than th is cm  be retained in solution* The iron-rich'phase ' 
contains both .’copper and aluniniuri l a  solid eolation* This my
•s.
bo 's l ig h t ly  m gnetie  and w il l  bo m ntioned a g a in ' labor. ■ Asi ' \ 
iso th e rm !  section  o f tho te rn a ry  d iag ras  i s  ■. shown in  Figure 1
\
+ /*;
FIGURE 1* C onstitu tion  o f  Cu-Al-Fe a llo y s  
____________at room temperature*
frora, Tutaba, which servos to  ■ suoaaricg th e  phases .l ik e ly  to- bo
prosonb 'in  the  alu-niolwa bronzes containing iron*-
> , • . 1 ■ 1 . '
Grain  Beflhetcent cmd Structure*^ ( .
Xt has previously boon notod tlia t only i - £ ^  iron , can
’ 5
be re ta in ed  i n  so lid  so lu tion  when tho a lloys ore slowly cooled*, 
and Eero isfoea quenched* The e ffe c t i s  ro ro  no ticeab le  fo r ■ 
a lloys o f increasing  alunir&un oontont and fo r increasing  
tem perature • since the  /<* 4 ^  Fo ■ boundary p ivo ts a t  tho  copper
eonior of. th e 'te rn ary . die y m v a n d  swings outwards from the 1 - 1 ,■ ■
." Y ■' •: ! V : Y .  ■■ ' ' '79  .
C u ll: side. to;-, tho  CuF© side* , . Other work by. B u tts : and Eeibor •
~ showed th a t only 0 .1 ^ ,  iro n  in  the  fro©- s ta te  could be to le ra te d  •
i a  ss ; °i g1 w uiji brona© before s lig h t  but s ig n if ic a n t nagaotio
su s c e p tib il ity  oould b© detected* wM,X©. 0*!Y iro n  could only be -
’ Y 53. ' ■.
.tolerated-.i f  taken  into-, so lu tion  by quenching*;-. _ \  Fonsori gives 
one euawpl© o f tm. a llo y  containing A1 8*433# F© 3*243 vMoh did not
- ~ ; - , ■ •■ . -  ' g- w , ■ ^
shear .-.any fro©, iro n  .ponstltem t*  v. to rso  mid. Coxastoolr. gives one 
enoaplo o f an a llo y  containing. AX '/Y  F© 1% showing no free  iron 
oonstituont* tlibugh considerable coring was present* which i s  
rp s t  unusual in  tm " aluminima bronze* • Vforlc by Im s6# Asabo' and
■ yO, .. ' ' ■' 1 -. ■
Basil sliOurod th a t the g ra in  fo r mi; °c a llo y  (AX 6*63) was refined
between 1*9;Y end 2*393 iro n  mid m s  thought .-to bo duo to  a  '
. . ■. of •
p e r i te c tid  reaction* On th o . o th er hand* I lia ta a ra - investiga ted
the e ffe c t o f  iro n  on the  g ra in  Also o f a n n e a le d '- ;a llo y s*  end -
sliowed th a t: fo r .additions up to  l3  Iro n .to  an a llo y  containing
0/5 a ta d n im  gov© a l in e a r  decrease In g rain  s ise  end th a t  th e re
was no sudden doorease* , Inciden tally#  iron, was tho l e a s t :-
e ffe c tiv e  i n ' reducing grain  - sis©, whon compared w ith chromium** • ' 1 ,
•titon iun  o r cobalt* : ' Y
J t  thus ceoas th a t  in  m a llo y  containing 63 elmdnium* 
1*9 ~ 2*43 iron  is  necessary to  give some graih  refinm:i©nh and , 
th a t th is  may possib ly  ho noaecaary in  a Guplen a l lo y  to  a ffe c t "
tho - eu tocto id  doooi-posibion* while le s s  mlght 'b© re ta ined  la
... 7 - - -■ Y- 95 - ' .
oolxd so lu tion  subsequently*' Yutaka showed' t lia t fo r 1£Y alianlniun
I r o n  Qmr o  a  B O t ie e o b lo  e f f e c t  o n  th o . g r a i n  s i  so  en d  o n  t h o
p o a rlito  sp ac in g  ■ tliourjh' incroasins add itions o f iro n  did-not 
fu r th e r .d ec rea se 'th o  p e a rlito sp a c in g *  Bnrpby and C a llis  
showed that" S t iro n  t?m neooscsry fo r  g rain  refinem ent,
."’ \ Alisiiniuia b tom es bre not In general subjoot to  coring
; . .. . •  \  1 9
o r .eegreg&tlcn, either inverts- or normal* Strauss has
investigated vin d e ta il tho segregation of iron across the : 
diennto r of 10**X2Et ingots, with tho following results* *•
'£* ■ ■
: ' < ' .  .; n^j^ov nf 10 -  jg ff Dim% Ingots - ' >
' ' fi r* l von»<’ortaiii^4:ig Altrainiisa BromoBs r
tOOAfXOH
Surface.
Centro
it ^3 l it  ion. Percent 
1 1
P, POV J V , /
8.83
8,84
Ui»*
■*s
9,14.
2.93
5*4?
1 •'. i‘ho alm iiniun figure' remained .constant, w hile tho
saawiisrn v a ria tio n  o f iron  content was 0,5$-* the, 'minioua fig u re  - •; 
being £.98$ iro n . Annealing olin&nated th e  W sh in , end 
produced a  dup3.es: s tru c tu re  though l i t t l e  eu teoto id  was p resen t.
• Grain re finoosn t i s  generally  accompanied by tho
\
r.p_omtne® o f  spheroids in  'the  jslero-sbruobiire o f the  iron
. ' . ; ... ■ . .• id .
compounds and, a t  h igher le v e ls , as ro s e t te s .  At tho higher 
iron  contents o f  4  * 8J&, primary dendritic©  o f the  iron  ©onpound 
■ appear, and tho grain  refinem ent e ffe c t nay bo lost*
m 9  **
Cofeo and Coasted!: Ibmicl th a t  tho .addition of' rwdiwa and la rg o .
amounts' o f iron  to  diiplen alloys; dootpoys any tendency to  a  .
a, - ' 62 . 'Wi&masiatrhon s tru o trrc*  Toco fonnd th a t m  a llo y  oontaining
A1 10#X5% Fe 2*80/1 behaved very eit&l&r to  a  p la in  10#47^ a lm in lm
oa llo y  'jfiion. eir«*cool©d from 825 0* ..except fo r tho presanoo o f  the' 
iro»*a*ioh oonstltuont# • ! -;
Tho iro n  oonstitnan t m etehed appears as b lu ish  grey* and 
etching in, an id f e r r ic  ch lo ride  causes i t  to  darken rap id ly  nntiX 
■ I t  becomes black arxl i s  ohoonrod* This rdylrk■ account fo r the  
deductions ©ad© in  th is  review th a t  Mno fre e  iron  co n stitu en t i s ' ■
'7?^
" p resen t” fo r  a  p a r t ic u la r  iro n  Xcrci. ■ P s iso rr moos th a t  etching 
in  iWmJMiQg gives a  sa tis fa c to ry  -Id e n tif ic a tio n  o f tho  iro n  phase*-' 
and th a t  IhhpIhdlgO^ Xeaercc i t  itmbtaolsseL# _ . ■ ■
Bntootold Composit io n  and Tcr pemtysre* x
'There i s  l i t t l e  eridenco' on tho e f fe c t  o f iro n  on the? 
toE-peraburo md epeod o f  eu tecto id  deoerpQsltior* XutaldH shemod 
th a t  iron  had no ©ffoot on tho  outootoid iw o rs ic n  temperature- 
(Table- 3)» e ith e r  on boating o r coo ling  fo r  a llo y s o f 'eu tceto ld  
composition* ©d th a t in cooling  ^ decomposes and.reboots S Fo*
' 1 ■ ' ' 3 ™ £ lS  ' ' ' ^
■ Bffoct o f Iron on Buteoto id  Torpor -
Composition h ihtGoiioid Tarporat’'” J
A1 Fe ' Ileabiry , Cool.*" ; ( I
■ ' 1 1 5502 553 |
1 2 . 2 502 539 '
12 4- ■ ■ 503 548
12 6 56? ■ blta
" 12 -- -1 8. ■ ' 565 551 '
42. - ' :.2 ,
. ■;, h i s im r a  md Hisatumc slewed th a t  i?ao& Iro n  • i s  present
; /. O '' Os - \ ' I
tho outoctoid m s  formed a t  g&f Gf approximately 20^2 belm? tho 
tonnaralraro'' .for tho b inary  alloy* y: tVerk by Bray* Oarrubhero and 
though probably no t • so trustw orthy^ miovsod th a t additions 
"of up to  3m iro n  did not hmo any of foot on tho/' oatoctoid ■ V ■ '• 
temperature* • '  •'■■ -'
- f  no exact ©utoeboid composition can ncxb'bo considereds
.,-. ' ■ 42 .. .
tho evidence o f  M isisura i bum do probably tho best hero#
fo r  th e  .diagram showing the  tararloafc reac tions in  'Figure' 2 "  ■ -
Indicates' th a t  tho " f. —••nYlih© is:••parallel to  .the Oufe' side o f
Liquid
Solid
FIGURE 2# Invariant reaction s in  Cu-Al-Fe a lloys*
th e  te rn a ry  diagram w ith tho  lim itin g  e x p o s itio n  a t  A3, 126* F©.0*5$# 
On th in  basis# iron  can. bo said. to : lisre no e ffo o t on th o . outeotoM  '' •
- eonposition^ o r to  ta ro  un it' oOGffioibrb o f ecmiv&Xenoo* .
Equally tho goto obsorm tions apply to  tho«*/«*■' + Ygj bomdory, and
:' ho 1 ■ ■ ' ’ -
th i s  i s  supported by tho work o f  tixbwni^  who ploood tho lim itin g
' 107* 1X2 '-
ocmsposition at AX 12f* Fo. 0f9m* Kaoberg end l-laolz* !x>wovcr# 
sta te  that cm alloy with AX. 12*33#* Fo 6i)h‘was nearly of ' 
out eo to id  oomposition# -based on.vory ’vjbq&z ovidonoo prooohtod by • ✓ ■.
Investigated thoroughly for east alloys# Corse and Oonstoo!: .
;0l¥jW0d tlic.it tl.o of f i t - ’or o f  iron  s t i f fe n s  c lu  rlu rm  I?ronsoo# ; •'
?r£ fo r  a g iroa  abroach*  b e tto r  ctmbiXity £s-ob o n* e*g0# on /
a llo y  w ith  Al 0% 1% 4/5 was- over:*:/ vruy superior oontekitag '
M, 32 \  lo  If'# th e  g ra in  r e t i r e .;a  t  boosm  laosb noticeable^  eood  ^
-tho snrfooos o f  th e  fraotorod tonsil©  t e s t  pbeooo booo ^  auoh ;.,
ora other*. ...'This o s tra  d e b i l i t y  has been u t i l i s e d  tor guoh ’ , ■-
appHoabAona' as tire *nj <ros# w rm  ts lo u iri 10 o ,f 'to  o f  13, «* 13m 
oro used to' g iro  bl 0 rococo cry lie-: no* wfri UUy It  ^y onb iho  prosoiioo
o f  iro n  wouM ho ra sh  «‘j O hrisjulv* ..-...- ■
bom rr : ja Boi.o oompcmhlo resu lts  for- .alloy©, containing 
iro n  in  Tbble 4*
» Tlmro if; no pii X1 imrh. on the of foot of heat**'
trootmort on the oo’ atom w/v r* ali©y% - I t  sSiouX&.'bo noted 
th a t < '  Alloys - oo* l.»“ '1:;^ irrm wixl ego hrathrr* as sliown by
”*f>. ' , ■ .4:
h r  xml L+ Figaro 5» Fov* an alloy sfcloh contained. A1 2*84^*
.Fo 8*17/% tM a is  oqulomXmh to  3*0m t h i  C#60m iron la '
1 *
v  w  * %oing eouM possibly he *" ;v  * sod' on 
a  quenoliod ooc#1<ee htomfy lead Qbv&d tmma tho ro&iiebion 
l a  p ro p erties  da I p r  g e;t 600 ^
tTABLE 4 .
HFFECT OF HEAT : TREATMENT OS ALIBilillUa
mmmrcom&isim u -.a
800 Cf X h r .  a i r  
800®C'f X .hr# j c o o l ,  +50Q°C f o r
a i r  c o o l . ■ V • 13 days and slow
co o l o v er 3 flfiv©
ElOIM ^
6m* Juv*
4SOU 
S tr e s s  
t o n s /
S tr e s s  
to n s  
*in*
kiasu ■
so «inso * m§^ iswarsSfjpa*w**2«w8
1 0 .1 3  2 .80
^ Sand e a s t /
^ A© e x tru d e d . 
^ As fo rg e d . .
H
ar
dn
es
s 
- 
V
.P
.N
10Q
- Annealed
C Quenched and 
reheated*
800PC
FIGURE 3 . Ageing o f  Cu-Al-Fe alloy* i
o p  o?i M x t m m n
. ' to  aosr-eroial aluminium io n ise  containing m okol i s  , 
av a ilab le  tQ«*day# 139 now being obsolete* -tho sp e c if ica tio n
o f which was as follows
* > ' v, AXifniniiam •* 9*75 * 18*5^. . . . ,
■ ' ; Bloke 1 ’ ■-. ' ; 1*0 ~ %,$Z
E&staan S tress  ' —
.tons/sq*in» -  ' ,40 min*.
. ■ ’ Hardness '' ' >
' . : B rino ll ■ . / > ■  , 190*230*  \ 'V p .  ,  ^ . ; i
C onstitution* * ■
The e a r l ie s t  in v es tig a tio n s in to  tho ooppor«*altr.2in im -  ■ •
-;4# 9#
niolcol a lloys 'wore by Road end Oreecvos* mainly in to  the' mechanical
p roperties  and. th e  e ffe c t o f  cmnealing and quonohinn* - In  1923#
■ 12
Austin and Kurphy n o ted ' th a t  th©- evolution o f  boat .whoa aluminiua 
is  added to  copper i s  in te n s if ie d  w ith inoroesing nickel. odntont*
pointing to  the' format ion o f  the  IIIAX phaso* According to
; 38 ' ' g . ' • h  . '.
Alexander tho H ill  so lid  so lu tion  contains . Cu 0 )*pV
Hi 52;i» .' An a llo y  contain ing  AX. 12* corresponding• to  the  '
.electron; compound GiigAX and to  the  peak o f  tho binary OuiX ., '
froosing s o l id if ie s  w ithout my froosing  range and th o - '
■ ' ' ' iv 1 '
add ition  o f  up to  ■($% n icke l does not a l te r  th is  appreciably* .
Those authors concluded th a t  a  cmasi^binary system was formed
' *22,
between Ou^ AX and kiAX* Alexander -v' in v es tig a te d 'th o
so lid ification  of thus© alloys more fully* and showed th a t  
nickel was completely .soluble just a l te r  so lid ification  was 
complete* -and th a t  fu rth e r  reduction  in  tem perature caused 
reduced s o lu b ili ty  fo r  Kiftl 'in  tho |* -hlA l solid solution* with /
■ th o ' resu lt .that tho remaining f m tr lx  .nyved in composition 
towards that} of tho binary £ 4 further cooling then gives-" ' 
the usual decomposition o f  @ * h *Iio lim iting composition fo r ■' - 
K ill in  £ is  given as At Ei 40# ' : Alloys richer in
' f ■n ieko l than when quenched from tho- p f ie ld  a re  struc tu re less*  
t& iid  tho a lloys poorer in  niokol ' have "suppressed markings"*
5°. .. - • 'AXosmnder s ta ted  th a t  th is  suppression o f decomposition o f &
•on quenching leads to  - b e tte r  physical p ro p erties  on tempering*
m teetQid^Coi^ositlon  and f  ©inpoyauure* : ,
Menander1 $ coclins»eorves give the temperature of 
•outecboid • inversion in the' ternary alloys aa 51^+ compared 
with y^ ScPc for tho -‘binary alloys* h i i t s e l f  a. lower figure than .
' ' 26 , , .. 45
' th a t determined by Smith and' Lindlioff &a fJO £  l cC# " Taisada
' \ . ..
from e le c t r ic a l  r e s i s t iv i t y  measurements gives a  figure  of '
*
602  ^ 605°C- fo r  a lloys containing nickel* • while G-ridnaruad .
29 ; ■ • ' 0 ■ - . ^
^rdyuEOT' s ta te  th a t  tho tem perature i s  ra ised  to  603 +.57C from '
- > o ' /  106* 136 . ' '
370 0 by tho addition o f 4h nickel*-: B* Iiayaoc gives a
tem perature o f  '3*32 £2°C  a t  0*87/6 niolcol and 605 £  2°G a t
3 »00m nickel* with a sh if t towards higher nlumiaima contents* ' , .
■ Ihe  oi /ol + ^  2 boundary can to  considered he re t  - 
frod ley  and juipson- determined th a t  slowly cooled a llo y s could r e ta in
2?* niel:©X in  so lid  solution* as s frm r d  in  Figuro Aa*' end th is
30 ~ ".. ' ■= h  '
agrees su b s ta n tia lly  'with Alexander Tdio givos tho l.lxhLb as ■-
!*$« n icke l fo r  on a llo y  oontalnia* ,8*g?l alts&niua* 'Figure 4oa - ■
' ' ■ “ 7 5 ' ‘ . 50 . -
Investiga tion  by Foster* £wielsor m d Lbellear* and Turban, agrees
30 : .. ■' • . ;
%ith .that o f  Alexander* / ,..
Increasing  epounbs o f  n icke l decreases th e  erotmb of
aliaciniuD m o m z $ ® r ? f t o  give a duplex a llo y  cmdf hcaee* a  heat*.
• tre a ta b le  alloy* This is . a lso  oonfim ed by SUr&y tiork o f  •:
£9 ; " =
Gridaoff end Ki^dyujsow* as shorn i a  Table 5*
E ffect o f ri'c l'o i
ta b le  %
feubion c f  F l'triu i'T i Bronsee*.
f ic h o l Content /•>
i-,UV:iOAim ouxi ,0 1 u /* for* ~ ^
t V n a « \  •v arano s i t  ionoi <atvi'jrj
.0 *i. ■ 9*8 11*8 ' "■
! . <U . ‘ 8*6 ' 12 appron* . :
4 ■ ’ y 7*5 - ■ .12*8 xV-"'
These tro ad s  are confirmed by Ale^an&or though his-
• : . 73
figures fo r th e  ©ntaetoid ooij’positioii. a re  higher* ■ ihain«Uotliory'
M e recen tly  .shown .tha t in  OuAXli a llo y s n icke l boharea a s . i f  i t  
had a valency of 0*4* when considering the  /8<. 4 ji botmdary a t
H i « ■' I t  .m s' expected th a t  n icke l voo.ld behave as o f eero -
valency* end so increase tho s o lu b ili ty  o f  aiurdnirsn in  connor*
1 122 . : 
Later* Ecsrertli' and BiUiO^ Ibcthery again found siaciaalous results
rtoto
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vso
fp r-tho  e ffe c t o f  ftiokol Tfion :edded- to  ' boppor«altr4nim  a lloys
pn tiio ? f /  <* m&: cl * r | r  boimiaaries*''•'./ ' ' '
■ The add ition  o f iiioi£eX5\ tkoroforo: ■ '-' •.-
(X) increases the ran^o o f aluminium content in  which
a dapXon a llo y  w i l l  o n is t#' and . .• f v
d'(S) ra is e s  th e ' o u too to id 'temperature* ' ' . •■
PfoiX lias recen tly  shorni th a t th o  add ition  o f  iron- iitox ic ifieo
t h e 'f i r s t  'e ffect*’ ■• ■ - /-
, - ' kloncmdof--' s ta ted  th a t n icke l makes the  outootoid
inversion  Very sluggish , and t h i s  w u id  he one oicplmehion
of tho 8truoti;irolos8 f  obtained- on quenching a .dup lex , .
aluminium bronsb containing rdokoi* I t  a lso  confirms, th a t  the
stru c tu re  usuhlly  observed ,£a a quenched duplex alloy* th e
^suppressed markings15* I s  e n ' intorzsodtato decomposition 'product,
* • 
pid th a t  n icke l asm preserve th e  high trapo ra tu ro  ' p phase*
3Uraya a lso  .'showed th a t  a  body oontrod cubic CsCl typo s tru c tu re
was p re sen t. -in p lace of. the  more complex structure#  The
h \ ' y . ■ ' '
•.effect i s  onalagous to  the  re te n tio n  o f V iron  a t  room • 
tem perature in  FqCr^i alloys* ,0n th e -o th e r bond, the  add ition  
o f n icke l to  cm aluminium hronse has been shown to  a s s i s t  ' 
.-materially tho attainm ent o f equilibrium  in  ageing*
■ f • I t  can, th e re fo re , -bo enpooied th a t  in  a  complex' 
bm aso-'containing n ick e l, e#s#f tho tra& oform tion  may bo 
retarded  and hardening may not r e s u l t  from quonching, v/hilo 
subsequent tempering may not h aw  muah effoot* Tho re ta ined  1
high P pm m  inm g.Ia fcnt* t   ^ k f ]  ©n „ -oring to
asobhor form o f tho p 1 susabencito* w hile sob^sono troafcapafc soy
Gloo a s s i s t  te a e ib a h i i io n  to  P  hhftchisito* Ju s t i\3 k  - h, . .
■■■■ 7 6 .  , .  . .  I..- . ^ ■ . . - u
ecuF/orised hh bi«*dr*Fh stee l*  a  Fherc? i s  tnocXtornabive to  bo
: • ' t
eoncidcroJ th a t  ta -y o r luaflcning duo to  |uu3aipitaiioa o f  th e  n i t l
phase'may o f fs e t  m y  cofkoubr; duo to  t  overlap*  /F inally*  •
i t  m o t bo rcurfoorof th a t  n icke l added to  mo lX ^ i l n n  brom e
'£a su ff ic ie n t qncrrilty probably roduoos- t*cedn also* and th is
irny have ea c ffo o t 0.1 tho  t r r a c f c a u h le a  ^ <_-> e i s t l o s  o f  tho  .
co. p in : allege,.. .,,. , , / /h / ,h h , /   ^ ■ ' ’ ,:
.i..r / > <* ■/ ' l i t r e * '" f . ; . : .^;' ' '  v : ; ° .
\ ■ ■ - ) .. I t  hm  not to  h o  boca egfmoused th a t  nearly  a l l
Cave 0 M gutiora h k o  tbo to m m y  om pm ^yloh Cu«^X»lTi a lloys hat©
b "'"...1 m im m cd  w ith  tha  <* region on ly , i f  a r e  a llo y s w ith
/
nlelcol fa  ©sooso o f  a lm ln l ta  phm  m rbod  ago Iw doalag  1 
progorblm* tkm ^  ~ m  e f fe c t  i s  obtained a t  & HI • * AX.
r a t io  o f  4  * !*:• so th a t  the  alloy© are  m  longer oltrulnlua 
bronso, sad - th e  e ffe c t  i s  duo to  th e  p re c ip ita tio n  o f  .© or 
ITldX phases# f ills  i s  -stem  in  Figaro 5# oad i t  w i l l  b© coca .. 1 
th a t  ior a  given troatm ont. Increases' o f  a lisain iua content l a  ' 
tho binary Ca«*Al a lloys give a  progressivo Increase la  Iiarclness, ■ 
as nonld bo ouyootod* Tho ad d itio n  o f  niolrol • houw or bonds 
tho 180*4iardr.es3 lin o s  towards tho binary CiWH side o f  th e  
tom ary  diagrpo* , For a llo y s containing 0 '«* 1Q% a lm in lna*
tho  n icke l content i s  tho important fa c to r- to  bo co nsidered  l a
■ * ■'
:' ■ ■ ■ ;  « *  * •  ■ ■ '
Ni 1055,|V
5<xrc 11 A
days. 4,
' A • j
/. 100
Cu 10% A1
FIGURE 5# Ageing C h a ra cter istic s  o f  
Cu-Hi-Al a l lo y s .
re la tio n  to  tho- p roperties  obtained, and aluminium oontont i s  ’ . ,
- » ' ■■■, '  . • /  ' ' 9  /
lo ss  iioportsiTb, . ' ; . '
\ , * • 
liooixanioal  P roperties* ' ' '' a.,
I t  seens generally  agreed th a t  n icke l has a  b e n e fic ia l 
e f fo r t  on a  duplex aluminium brongs* e sp ec ia lly  a i t  or h e a t-  
’treatm ent when i t  i s  claimed th a t  n ick e l contents abo^re £$t and
' n6preferab ly  up to  help  to  re ta in , d u c t i l i ty  in  quenched alloys# ( ' -
Ho figu res bov/over fo r tho. pure te rn a ry  a llo y s- can '!>©' found in
01 . 91
th e  l i te r a tu r e  in  support o f these  clalno# P fo il rec en tly  
sta ted  th a t the  s tra ig h t • te rn a ry  a lloys must bo sub ject to  close  
foundry 'con tro l, to  avoid p re c ip ita tio n  hardening effec ts*  w hile. - -
' 62 ■ TVocb. s ta ted  th a t  hot forged a lloys wore-not in  equilibrium . , '-I,
x • «* 1 4 - •* '  ■
\VaaiolFstates there an 'addition of n io ko l gives sore oven
proportios* , Some fig u re s  fo r  <&©> castings in  | f ' soeblon, m  
~  81 - 
o a s t, a re  sham  in  Table 6 and fo r  l tr- diameter bars in  Tablo 7*
head and CJ-roaves* ■ ' ;
** ; If? . ■**
gABIili 6 .
KKCII&IilCAXi PKOI'KKglSS Off t" 3 IS-CASI Cu-Al-M ALLOYS.
r .."............. . ...... ......
1 COMPOSITION - 4 ? Z/w MAX* B ' L Q m . . i i m W E B i
r --- -------- -------- 1—  — 1 STRESS. y* OH' - : VPN
i A l .
I
Ml v TONS/SQ.IN. 4 / 1 “ ( 3 0  K g.;
I---- “  " '
8 .4 2 «s» 2 7 .0 34
■
8 .2 6 5 3 9 .5 18 I 171
8 .6 5 5 3 8 .0 14 192
9 .1 7 5 4 4 .3 12 220
9 .6 5 5 4 7 .2 9 240
- 1 0 .0 7 9 4 9 .5 9 275
1 0 .5 7 5 4 8 .5 5 272 ,
(TABLE 7 .
tlBCHAIIICAL PKQBjjETISS 01* 1 " DIAfffil'SR BARS 01? Cu-Al-Si A
f— — 1
1 COMPOSITION -  #
i
Al'IHBAIiBD 900°C •  * FUHNACB COOL. . 90
: WATER
j A l .
1
1
1
Hi. YIELD 
POINT •
tons/
SQ.IN.
MAX. . 
STRESS 
TONS/
. SQ/XH.
ELOilG.
4  '
BRIHELL YIELD : 
POINT 
TONS/ 
SQ.IN. '
.
"■’max
SITES
TON’S,
SQ.X
1 0 .0 6 1 4 .4
-W JJ
2 5 .7 9 127
i
35 5 3 .
9 .8 2 1 .0 4 - - - 139 - -
9 .8 8 2 .4 6 1 8 .1 3 1 .9 12 158 1 4 5 .
9 .9 4 4 .9 5 1 8 .0 3 4 .6 16 151 1 8j 4 6 .
9 .9 4 4 .9 5 — — — 1 1 8 .XX 4 1 .
^ A ir  c o o le d .
I ,
. '
, , bpipicp op rixoppL pod x?m cm mm ' : :
,  ,  j'j.-h-IS J.‘.:-S./.:";.'^ .J,'L i : . i >  i ' j : '  • •  ■ UjL'^  «JUi* ^ V - V i  i J . . v . . ’ . '  . : c . i . ! . » „ i g ,
Gociploss a lle y s  containing nlokol end iron  are  asrallablo
o c rrT jo io lly  in England# under a  ttaciber o f  s l ig h tly  d if fe re n t  typos*
as shorn in ^aklo 8#
I t  8i3onM be noted th a t  nsmgoaase eon fee p resen t up to  "■
%Of» as cm op tiona l elenont* bob i t s  influence la  not eoaoidored
fa r th e r  in  th is  more*. - DTP 412 ead re la te d  sp ec ifica tio n s  a re
oast alloys* vM le D2D 16% 197. end other0 . are TOjught allo ts#  1 ' ■"-.
•fho la tte r 'fc ay  be l o f t  as enbradod* tenporod# os’ aosnohed end.
terpoyed* In  p ractice*  tbey  * are  supplied as es&ruded end tempered
only# w ith c a re fu l con tro l o f  the a lu n in lm  ocmtcmt* iriiM n  th e  - 
342 '
rang© ; ' Sino© ©hoeioal analy sis  fo r  these  a llo y s i s  tedious*
fra c tu re  ebcmdarda os3© used fo r foundry control* o r the  hardness i s
34 .'•" , . '
correlated with aluninicm oortantf •■ The ultislr-lm content Is 
' CD
normally kept low# with nickel and Iron oaoli at 5m* Boiae tyr
. analyses are as follow **•
^ '. Po?(!M o9 Craapo--.: <on ?S .
41 . *. ?o
3,0*0 4 ,3  4 ,5
Alloy E - . ' 9,93 4,03 4,97
113 , 10,01 4,20 3,93
U 5 • ' ' io , n  5,o 5, 02'
i s o  1 0 ,0 4 . 3 ,9 3  3 ,9 2
142 . 9 , 7*3 4 .92 4,93
' *» 16 <«► v‘
TABLE 8c
TYPICAL COMPOSITION AID nBOIIAHIOAL PROPERTIES OP GOf
~  alumiSBjH regimes .
!
SPECIFICATIONS
COMPOSITION -  $  • Q .V f o
PROOF STRESS 
TORS/SQ.IN.A l. H i. Fe.
DTD 164 9 .0  -  1 0 .0 1*0 -  3*0 0 .5  -  2 .5 20  m in .
BBS 2032 8*8 -  1 0 .0 3 .0  m ax. 3*0 m ax. -
DTD 197A
BBS 2033 8 .0  -  1 1 .0 4 .0  -  6 .0 4 .0  -  6 .0 25 m in .
STA7-CA5 -
BBS 1400
AB2“ C . 8 .5  -  1 0 .5 3 .0  -  5 .5 3 .0  -  5 .5 17 m in .1
STA7-CA4,
DTD 412 8 .0  -  1 2 .0 3 .0  -  6 .0 3 .0  -  6 .0 16 m in .^
i STA7-CX10 
1 
i 
i 
i
1 0 . 5 - 1 1 . 5 2 .5  -  3 .5 2 .5  -  3 .5 -
MAX*
s m s s s  :
TONS/SQ.IN
38 min*
34 min,
Not' specified - typical values given*
C o n s t i t u t i o n  en d  ’ , :
’At the  tfn a  this work was started#' thor© had boon no
in v es tig a tio n  a t  a l l  in to  th a  c o n s titu tio n  of. these  a llo ts*
Subsequently* t e v e r ,  investigations by' Cook# Fentimn- and 
. 119 ’ 104 ,  ^ . • ■ ■ \  ■
D&vi©* and by Oragnani have been published* Previously# an \
investigation in to  the. <* region was' the only available -
information* though the original tost is  not available in th is
. 61
Country* '« « • ’ '
' > In the alloys w ith the lou’or aluminium oontont# i t  was
observed th a t  the m icro-structu re  is  l i t t l e  d if fe re n t from the- 
b inary alloy# except fo r the presence o f m iro n -ric h  pliaso* . 
This phase was s ta ted  to  bo ■ (FoHi)Al-* With high aluminium ’ . 
contents# coupled with the high nickel sad iro n  contents in  
co 01 d ia l  alloy's* i t  was found to be p ra c tic a lly  iirpossible
01 ' ■ . , . ■
to  rosolvo the structure*
119 - - ' ■ :
Cook et al- resu lts#  so fa r  cxs the p resen t work is
concerned* as*© boat smaaarisod In  Figure. 6# which shows a  paaudo- 
b inary  sec tion  a t  KA 4/®* ■ Fo A%+ . The \  p-iaso i s  stated, to  be 
soluble in  both ol and jJ and lias 'an ordered body centred, cubic 
structure# end ie  taken In to  so lu tio n  e o r^ le to ly  a t  9^9 **. 99^°^ fr­
i t  can occur in ' the  m icro -structu re  as spheroids* lamellae* or 
ro se ttes*  . The s tru c tu re  can vary eiiomously# depending on the  - • 
ro lling  temperature# i*e*# whether th is  w&o .in th e  o< * j2 o r
o U .f*  \  fie ld*
' v ' 104
• . Gragnaai has fu l ly  investiga ted  th© c o n s titu tio n  ■ o f  an
-  1?  -
4 IMi. 4  Fe
1000
a +
400
F'* r^r^o d
ioc* rdh£ JlrVaa cnrvocrato of' 8 «* I S
alio  j  I m  ‘U S,' oo^altiisc AX 10»3Z£* 111 4, SO#* Fe 5*92'*#
He gI qq hod diffieuXt^r la  resolving. the ternary eutoetoid
ovcm dioa Si the canceled state* ’out ho identified fallU as
■ >>
w all a s .th e  b i l l  t$po o f  p roo ip ita te*  fho fo m er a a /  be th e  ■ 
SihX or. ^  phase,of Gool; et.&X# tsho s ta te d 't lm t i t  could ooeur 
ao rascttoo* Oaa re&ieating th is  slowly eooX-od csllo^r tlie S i l l  •,
~ 18 «* i
' phase d lsa jp jn rod  a t   ^ i ‘the second ± v  lum-on'ihe
fcordnoGs o a m ^  which doss rob agree with'Geek* ■ Fc^i h n ti and 
■' Fayief s -results#  Boo p  formed by <u<— lag  ano XhrJ. to  "he 
' o p tic a lly  m%%r®} ©ad $b®. a lloy 'tsas wholly j9 a t  GjjQPc* Tho 
e ffe c t o f t<£2perlmg th i s  a llo y  mis i&so / iBrosfcig^fted* ©Bi­
polar 1 sod l ig h t  showed t h a t . Qdlouia? ' was re ta ined  tip to  $QO°Q$ 
hub hohmm $p sM  4X)O°0 ,• w  p rec ip ita te d  a t  tho' iyaain ,
■ bounder iooy Iho small ©mount o f ^  did not* hmmrQ?$ -®mm any
lo s s - la  hardness* : M  P^P°0# no r  cffimlned.and tho-E ih l phase/
reappeared between. 600 and JGQ®G+ • flm  author oonoludoo• th a t; • ,
th e  .CuAlTd diagram may ho used to  i r t s r p r o t  the  ©trustor© o f
Zanthal«4)# possib ly  because lo ss  o f  altwiiniwm. by th e  form ation'
o f  JteAljj I s  oeiT/oasated by th e  £$ iron  soluble in  eopper# ' • Ho • ' ;j
elaimad th a t  the- te rn a ry  ©uteotoid occurs a t ' &)(PQ # e lig irtly  ■ ■■:
• higher than th a t found by Alosaa,d®r# • ' V .  v . -  .
■ X24-
■ ■ V!qKqowx0 Ebnde* Bale mad Fichael*,■ a lso  undertook a-
fu r th e r  in v es tig a tio n  in to  the- mioro*»structure o f  the  eompXos
■ alloys* Alloys containing Al 10*62-^ h i  ^  P© a f te r  an ; 
i n i t i a l  cmozioh' from 1000°0# wore reheated to  8yQ°G/for tim es . 
varying from 2. 40 n io ito s # ** p roo ip ita tod  i a  a  l^idosnotattcii 
arrcmscoont# and a t  the longer t in e s  o f  .reheating* fo m  spheroids 
o f ' Increasing sisc# ^  increases by nuoXaabiosa* and not by
y* a  on e x is tin g  pssrtiolos* - ' .
lSTlT: '$-?!'& s» '. ' '. ' 1 /
I t 'h a s  been s ta ted  th a t  i f  th e  to te !  o f  Fe \>-Mi ^  Fa ■•
*c ' .  in  ca trcnao i s  lorn than 3&*# alloy i s '
V r-   ^ -■ ' 7?
ooorobl© to- hoat«*br#a;ti: s .<;* v/hlle th e  MwrioWi ttm es Ogqpc&qy
r e f e r 't o  thQ c o rd ite  alloy, ^ s o l u t i o n  ' . . . "■
troabeosb and a-;!©iBg‘% - "■ ’ 1 ■'■
11 1 ' ' '
Uvr&* e lm s  oocll: ^ o u rro s , o f  tliss© a llo y s w ith  no ’’
lOTted am ec t points* * I© cd* toapG rataros tan to  •
■ o ' “ " " 34 '
. 9UU 0 cl'-o;.j X lbtlo chango ia  ■noohoaiosl properties*  Pcnsoria :
hnuwsr* ©tars a  mrlcod increase  i a  loordnoes 'em queroMag*
iiadleatifcg. a s  «i + ^ / i s Ipm dory a t  600°C# • fe&poring gs?©
th e  tica&od "increase in  hardness a t  400%* m  noted i a  iho  p la in  
' _!! ■ - ' . 
b inary  alloys* Tliero i s  l i t t l e  o th e r tsorl: on th e  m oehsnioal.
proportios^. e ith e r  as ooonehod^ o r  ouerehod and tep o re d *
■ “ ■. ■ ■ iG4 r- ■ : “ -
eroopt th a t  ly  Oragrand* ■ uhe o lw ed  a  ©ariiied pools a t  3gQ «* 4y3°0*
:m  ahem  in  Figaro 7* assoc ia ted  w ith tli® n iorosoonleal ©lisngos 
. ’  ^ ’ 119 ~ 124 . '
noted in  an o c riio r 'eo e tio n #  Cools 'o t al* end ■n©£oOvJ&# hsrro
investigated  tiio .e ffec t o f  euonshlsg* tempering and furnsa©-' .
cooling m£h& b r i t t le n e s s  o f  a lloys oo a ta la isg  M f© £*1*
w ith  tho re s u l ts  ©hose* ia  ta b le  9* S'liesd r e s u l ts  slmr th a t
mt©r**qa©abhirg induces b r ittle n e ss*  end fo r  i&o lower quenching -'
benporabaros m t e t t e r  ie&siX© streng ths a re  o t ta ia o d 'than  ’ fo r
too fernaae^oooled alloy* ';• For the  higher heenorGtnres* air-*
cooling g ifos t i e  I x u  resu lts*
' ~vo tv : on to res  a t  trhSeli b r i t t le n e s s  cots in  f a l l  on:
a  lin o  p a ra l le l  bo the  ot «h - m  sl^ona in  '
.Figure C, and preoirxbly  a s im ila r lin o  would © riot fo r  tU©
- a lloys containing F i F© 4-9* St I s  in te re s tin g  to  note th a t  .
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FIGURE 7 # E ffec t o f  Tempering on Aluminium Bronze 
Containing n ic k e l and iron  (X anthal-B).
gABLIj .9..
EFFECT OF HBA® TREAT ESHT Oil COMPLEX ALUMINIU& HlOMLBS.
ALLOY
j.
1
2
2
1
1
2
1
1
TREA TI&INI
8 0 0 °C • W.Q.
800°C » F .C . • 
8Q0°C « W.Q. 
8Q 0°C .'W .Q . + 24 ls .  400°C . I
I
9 0 0 ° c . W.Q. I
I
900°C » F.C • ' I
1
9 2 3 ? c . A .C . I
S25°C . w.Q . j
925°C . w.Q . + 24 fa rs . 4 00°C . I
1000°C.W .Q. I
!
10Q 0°C .i’.C . I
0.1>w
HiOOF STRESS 
TOIIS/SQ.IH.
2 3 .0
2 2 .3
1 9 .9
2 7 .8
t £ Oirl) «
1 4 .6
2 2 .7
2 6 .7  
45*3 
2 5 .2
1 1 .9
iii/iA .
STRESS
TOHS/SQ.III.
4 8 .5
■45.0
5 9 .7
59*1;
4 3 .1
4 1 .3
5 7 .0
59 08
6 3 .8
5 3 .1
3 8 .1
ALLOY I . 119 A l 1 0 .0 9 ‘^ t  M  5 .4 7 £ »  Pe 5 .2 0 r
ALLOY 2 124 Al 1G .70^» R i 5 •O/'i ( n o ia .) t  ife 5 . OR (nos
FIGURE 8 . E ffect o f  quenching temperature on hardness 
and b r itt le n e ss  o f  Aluminium Bronzes 
containing Ni 5 Fe 5
taioCnsjo o f  tho a llo y s  boars m  re la t io n  to  britblonosc* ' •
;a_ v on T/:tth olanlnioB eastont# - ,. - r ': ;' ’ ■" '•• '* '■"
124 ' 1 t  ..
; ■ Lw**oo».a also  tb/scl hardening la  a lloys k o n t^ n is g  •■' 
b Qtmh. Qt’t&'f-zol osaG iroii* . Thid occurred i a  alloyo a i r » ;- ;
' eoolod 'm& hr\ W  a t 400°G# m s t  o f tho  iaoroaoo ia  h v l  ioss : 
i  3 plaoo ^  ^ 3 4  t e s  rolioatiaptv -'She' following hardness
I s ("VKv) arO a t  the  estrone ends o f  a  s tra ig h t  l in p  ■ 
-.relationship bokmon hardness -a n d 'a ta ln ln o  content?** /.-'
0 “ * C ^ -K\ -' ■
'  ..... y  " a q .
' 2 hours a t  JCCPO A«S. ’ 130 . 255
• 2 t o r s  B-i *.<3. -  £30 how s a 6 «. °3. 255 A P 5
Technology o f  too Co <*$% Al t g '• . a "., :
■ As noted a t  the" s t a r t  o f th is  Chapter* tho eonploss 
brossoo containing both n icke l e©d iron  are  inado- e i th e r  as 
.oastlags or abo, w ougbir no to ria l*  '■ fho l a t t e r  nay bo ro lled*
forged- or'.or^radod# ': "V ; ' • r";; ■ Vba-
' /.-: \ ■ ,.  \ •*.
v ■' ■ : Sim ilar paoportiod 'oaa bo obtained on 'tho  eas tin g s
as obtained -on th e 'e a s t  to o l picceey s to n in g 'th a t th is"  typo- o f ...
a llo y  i s  not s a a o l t lv o to  saos of foo t on c o o lin g  tJhloh ia  th e  •
... , a- . ^ 2
p la in  alloys'snay vory e a s ily  g iro  ^ooIIW rsnoalirgV  " . * ■;
‘For the  n o u g h t a llo y , "ingots.'are c a s t into- bare '
e a s t  iron  moulds preheated to  200- 2^ ^ 0 ," using a  t& ntasa '
pouring io rpe:k ;u ro  of fO^O above t h o ' Solidus of' i06y°C# ;;
. . .  b<4 . ... ... ..
. oltiTOugh Xoulf 0 has boon enploycd* ’ Eorcrevor high tho pour log >
*» 21 *■
132
tonpor&tnre* cm ecmi-*ss:©d s tru c tu re  i s  obtained* but a  rm iim i -of
93 -■
XX00°8 i s  reaoEEmdod* Tho BTB 164 typo o f  a llo y  h** Ov£f*-tdth.
lower n icke l and iron  contents (0*3 ■** 5*50)*. i s  o ften  coarse and
04
poor i a  q u a lity . . .'
■ f G4
A feeder head o f 8 ■*» 20/2 o f  ingot ue igb t ia  required*
mill© machining o f  the  ingot nay-1?© necessary . although the
GODg-ica a lloys are  normally osbruded* ro l l in g  o f hors i s  -
09
preferred  by one roaaufaoturer* because o f  the  sim11 d iffe ren ce  
i a  f in ish in g  tenperoAum from om end e-f th e  bar to 'tha other* ' 
xiiioh con tro ls the  rseehsmlcaX p ro p e rtie s  e*g** .
2*1 bar estrudod frosa. 6n diameter* 120 Xh.. b i l le t*
0*14 Proof S tress 21*0 ** 39»9 tonq/sq* is*
Hosdrm S tre ss  48*0 «* 34.3  tosq/sq* in .
 ^ E longation ©a 2 n • XG*0 ** 8*5*
Hardness B rln e ll ' 103 «* 241
• F or s m l le r . s ls o d  b a rs *  la rg e r  v a r ia t io n s  i 2* ■. 
p roperties  a re  to  bo espoctecl* Others* lisnwer* eXais th a t  
no snob ’v a ria tio n s in  p ro p e rtie s  esdsb* . One fa c to r  i a  favour
o f ro l l in g  la  th e  higher yield*, i»o#* 725 c o lo re d  v /ith  6o5 fo r  
©intrusion* '
Hcab^treataasb lias been suggested and o th ers  s ta ted  th a t
142
i t  i s  scnwthoes -essential to  h e a t- t r e a t  ro lle d  o r  extruded sec t Ions*
fa v o r in g  a t  638 »* 70C&Q fo r 1 hour i s  s ta ted  to- bo s u f f ic ie n t  to
ensure acceptance to  the  requirements o f  P21) %64& or X37A*.
provided th a t  the  alum inim  conten ts a re  held c lo se ly  in  tiio 
2 42 .
rang© 98 ** 93  •
T!m treatm ent has th e  e ffd o t o f  Inoyeasdng the  ' v . ,
elongation frm f> ■* 0$ to  the  cpooifiod n l r b r u  o f  15$ at*
-. feD°0'W -a to  223 s* ?OG.~ eoo°0># w hile th© Proof S tre ss  . ' ■
' ■ ■ ■, ’ * 
and I ^0.1 to . S tress ora rodnoeel* mb s t i l l '  roaciihirg tro ll .
atOT®. re^im oont® * •. t'mm fXgc&m quoted r e la te  to  ear a llo y  .
eon! * dag Al 9#?0h* l i  4*923* Po A933# aad i t  Ip  possib le
to s t  the  swoooaity f o r  laast^traataezit my., be e liB lse ted  by th e
us© o f  an a lle y  lower .ia  n ick e l end Iron# ■ / '■■ .■ t ' /
■ ' h I t  appears th a t  M gtap a to i h i a a  oontent e lloyo eatr.-
ho used. suoeassfnlly* bnb oar# has to  bo taken to  avoid g ra la  a =
, 142
growth through vth o ' ase o f  .Mgh forging toDppr&ttires* while i t - . . '
has p f to a  boon s ta te d . th a t  ouqg cm cCtehlsdua bronso e a te rs  th e  ■
■ (* ■ f ie ld * . i a*'*id g ra in  growth oceans oM ^oohooiosi i s  destroyed
* ■'■ . . ’ -5<S- .
© specially w ith  prolonged hoatiag* y  On© au&ho?* ia  addition* v
. 1
suggests th a t i a  Iioot^treotsont^ soaking a t  lioat-wtroateont ■
tenponature should bo a  Miilnssc* otherwise a lf r i in im  eaa. ■ ■.
121, ' '  ■ . 1 
. • segrogat© to  grain  fcouodaries* fhu&' thoro  i s  sob© b asis
. ■■■ ; " '. ; : . -. 124 ■ *
fo r the  b r i t t l e ^ s o  noted e a r l ie r  by KoKoovta* ' ' ,f
tlw ©old working o f  these  a llo y s  sraat bo. oo&sideroct* ■
- since i t  i s  proposed to  draw those a llo y s to  vis*©*: i f  possible* '
At the  t k  ) th is  work was s ta r te d  i t  was not no ’’V  espootod '
th a t  those a llo y s could bo cold worked# •- I t  was knom to  be
possible^ te/(jror*/tl^w ngli oon .oro ial e ^ e r in m to ^  Also* i t
• vaa learn t*  th a t  i t  .was u s u a l . fo r the  lower nickel. «• iro n  alloy*
PhD 164* to  ha ostroded oyesvsfs© wad then  ©old d rw n  Xpn w ith
d if f ic u l ty  • (duo to  power r e t ire m e n ts )  and 'to be then quonolied *
: '■ 66 g ■/ . ■ ■ ' ■ -■
wad itnoucud* Earns 6 llain* uscda  ^ 1 lo jh flo u a  to  'b v
sou exo©v&<vfc**'i* (nX *». -* F i 9* 9 '^  * o+w••'/* ~ •' -•
f •. .... ■ i i9  ■ ■ ■■■■;
Subsequently*. CogE* P oatixm  and Idalo* ehovod th a t  thaoo
a llo y s , wmoaled a t  w ith  slow t n - l k g  to1 *"  ^ *" . I , ■ ‘;
Wwi& bo cold ro lle d  w ith  up to fG * roduotloao# .' ■
-r.' ' ‘ ■
■ Tuq ocuLXCoial pAoyccblao o t t ^ x b l o  w ith"those 
.a llo y s  c m  bo conoid orof # EEj a n d  o a r l k D  cot o f f im ro s  
own r w a  .load d  "*9 * nbli- i9 Ly Ib r  these  a llo y s  ©no t  oso fo r  d ie  .
xo2, 91 “ ~ ; . , : ; ■ ;;
eaatiBg% as giaoa by If oil Ssi Figure 9* fh r  ^ u janos of
^3 Iron Is  -ecocifioral e s se n tia l  in  a bronso absta in ing  n ick e l' 1
to  in h ib it  agotnu. o f foo ts ia  the  oast chcto, tm th© castin g s l io
0:1 tho flo q r ccal„ w ia  air*, end bk© figuroo la 'F ig u re  9 thero fo ro
rofoa to  id; led  cost m io r ia i# , From th is  graph i t  i s  -.-t •, '>•*••••
possible t - j  ecu ijI jo uffoou of aluniaiiaa tad i m v Onfmfc on tl'ie '
alr«cool«:" x„u, c« d j *  \ SioAXan figures ©nict for hot ro lled  . ’ ■•• 
119-- • - ' ' - V:
alloys* lu t  tho  o ff  out o f  -al u 1 u ,  t  ©idly 1- 3 i l lu s tra te d #
FIGURE 9# E ffect o f  Aluminium and Iron on T ensile
Properties o f  Aluminium Bronzes containing  
5# H iokel.
: : r- OF P ’ Ttoto 10"“* T~^  T ' 0“ y t—~v» n - .
i - U  \ U : »M1 t o - U - h t o - - ,& 2 f  M i ; :V. l i . . ' V *  ' t o v i  Stovh S i J  i t o f  t o *  .> M h A i r , * t o t o  1 . '- M *  -  \  ■. . ,
■\ . ■:■■■■ M ': ; ■ . ■'■- . .";■ . ■' :
BlurO(llVyjDM3o . ■ N . ■ ; v
■ Th© presence o f  a  euteotoM  reac tio n  in  m' a llo y  ', ' ■ 
system im plies t b a t 'a  sing le  phase e x is ts  a t  m ©located . 
temperature*: trt&oh* i f  atftaqp&Q are undo to  prosereo I t  by - 
quenching* mg® o r Way not* bo mpeoGsfal* ’ Plhtounk th e  
gneneh m y  bo ouooossfuX in  pr ©renting "the © t  to io ld  formation* 
i t  .m y isot be sever© ©mough to  • re ta in  the  high .toDporalraro i  so*
which ncy thoa break to m  in to  ono o f  a rang© o f  in to rm d ia to  1
: ' ' . : . .. - 131 ' . :■■'■■• “ ■ : \-:.-w-m.
decomposition proiluot3t  Tboiii.ao posttiXatcs th a t  if a  n cm ie to to
reac tio n  takes pleoo* the  produat i s  hordes' than to o  parent
•solid colutioh*
t o  a lb o rn a ttw  method i s  iso th e rm ! traao fo m a tio n  o f
tho  high tonporatur© sin£lo  phase tM qIi would so rn a liy  form a  •
eatooboia*, - This w il l  bo d e a lt with' 1b a  oeparato sootion*
p t foo t o f  tomuf.M  • ■ •.■ ■- '.
■ The ito to B c it ia  traaG tom  w ioa i a  _ ^ ferrous not a lp  ■
■ ; •■ . ■ ' •■ ■ ■ 131 134 ‘ '' •■
lias Locb disoassod. tlieo ro tiea lly -b y  T2ioms# and aloe by
i,3 -
fcho ext: o r , Ta® p resent w ito  i s  only7 ©onoetoed w ith  a llo y s  
haring a  seminal alur.4aiua oontoat o f  10#gS in  tho p la in  a llo y s  ' 
so th a t  on ly  tho $ * r a r  tonsito  v&il ho produced* .' This m y  boi
■ ■ .Throujw nt tiio Hi totor© toor©' aro  roooyda o f  a i i to p ts  to  .
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elediio exd-dlu^ iesdsxec^ dxidiie red e laep lo e l rosigiiei'tef* ■ 
Tie tedaaes*  eluoielseuL s e  I c e s  l ip  cad o la e ilo  x^dalita, a l l  " 
iaaroasod isi a xxrkad SGdOdXg ao k x  tm us^m fcX oa i ic x  x x  
i  ^ v a t  a  g l r o x  ixxxralxEX* x k ile  ike deesi-bp dooroased*
i
i  o l o s e s  i s  o o x e i a i e n i *  w k b k  a  s l i g h t  e d p G x d i c x  o x
• ..; ■- ■
traa&dord^trioa*. as o i i a i x e d dip Ls ikrss'e:B coebxxudid eoolkeg a t
Mga w  Itxg ra d s ’ te^O°c/sai&)* IfewFer* i t  I s i d o r e *  susaei’ to  ,
©kiaiu a ;:llg  .t w  &©iio§s* ■
I t  I s  S x k x x e i i e g -  t o  x r h o  t h a t  © r o e  © g o j a  t e e  m i o r o s o o p i a
erldxioo o f  ^  sea ©kiaktod^ c l  Faugh ikie sea© otoklag r e sp a ia ,
x a r o  ,  r .  ;  c c  Ip/ i a d i h  cad t a i x X i k d k V  *  , « . „ ! *
. I. " .. ' 60
t a o  d i a ^ - a i  o k c e m  l a  M  t : p  C r i d e c e ^  - 0  t h o
toLpeiat e a ^ e a  a t  itirioli  ^# fe» m i  ^ 4  e o i i  o:zit4^: I l l s  e e p l l e o  t o ,
pla ia  'alloye# - . :  bo cedst Itr  too 1 '^ tshe^ akira  for tlio
\
700
' l u / . i r "' fg 15 W o a i .
FIGURE 17* Phase F ield s % 
for p x, and (S.;
eosjxtos fcror-goa*. opanpt fo r  tbo fol?cc;lL^ iVioafcioft as- driven by' 
' ■- 1,33 .  ^ - • . v : ■
10*20
IP .
12*07
tail
A
3,09
T„ 2 -
fcrf1 "$~*i *i# #V>
430 ** 373 
' 400 -  373 .
-m3 -  330 ■
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Ed also, ptiated that* fl« niolsoi -dop 
t«3qo®r®,teo %> 200%* \
bht 1 ,
'B f t m b o f  h lp p  t h  fe:Q>ahata:?o eacl S p e t lo n  o f
! *' 'V*.: • <3*"*"' - - *~r** *■"* r
32
l!aph# b ePuaopGld pIIcg? ihiiob m a  thorofbro .
ocrolotol'jf j& o-bow th a t  1h> *vornt>oro.1jt?ro3
..»»< *
■«#> ”^ : ; *  w n
hmmm, 835 J^tpQ ctmm& m 23 ih© ©ouro© o f
■; \  - i
■ A
isothom al.. t rm s fo m itio n *  So a lso  found th a t  a t  w-.* v- a  . ' 
prohoat tin© o f  i f  ©isxates to  2 . Imws# fo r  # § -* -
eausod no difforoao© ia  rea c tio n  ratoa* ' j
i Using If1 diasaotor disos* T arring i3  tlilolmoes from •. ; ■• ■ ■ 
3/3% ** lj'% h© tils©' found Xltti© differane© in  tbe s ta r t  am ' '
f in is h  o f tli© p e e r llfo  t^ 'snsfo^m tism  ©t u u ^  stur© rjhloli .. • .!
gave tli© mmissm speed o f  traas& p m & o a  (pS^O)*. - $!*& orig inal.
■ ' ,o ad i f f ic u l ty  arose? in  determining tb e  (W j£ * boinblasry ad 83 £* f t r
which spooiaens no .th ic k e r  t t o  0#0*pf? w©r@ £©o©ssary* -ho '
o pops has tocsi c u rried  onh In to  th e  of foot o f  section  on . -
xsooaerm l trm 's fo rm tlo n  c h a ra c te ris tic s*  0:53opt th a t  ly  Z o slc rj 1 
107
and i ' m k t  x&zq t z m & l  wioaed %n  d isnetoh bars a n d 'e s t­
ablished s im ila r r e s u l ts  to  those obtained on } f  tb io li epooinsne®
. \
p^nr.ont‘lnn Of 1 '"''''* O l l l ^ ': ..
Sb? tli© p la in  bronsooj* tfch© oaly  &sK&asiool p roperty  which • 
has boce d o ta rto sd  io  o f  hardness o f  tho  ©on^Xotoly tranoforsod  ,,
30 , -.
alley#  " f a i t h  m i  Uim Uioff used uoelnre 11 tednoosod ' fo r  m allop* 
co r1*' *V *** , ll*:8pn ofar'f-f’r 'y  1 f /ta lao d  a  s im ila r ooriro to  th a t  
_ of rf ;  - ■ (11 12*8:3} # though a t a'locror lomel* ' Haynes*. curves 
fo r &L 12*2# end 11*458 a lle y s  dr© eliecm in  Figaro 13* fro a  which ■ 
i t  w il l  bo socei that- th© reduction  o f  0*0** g liro in im  fro a  a  
enboetsM  a l le y  sw aeo ly  XT>dXfiep typo o f  Qiareo* ' Th© r i s y  
to  tb.o pooh I* nrnnr®fon th a  12*23 a llo y  i s  s ta te d
88 
- 
V
.P
.N
40CPC
FIGURE 18# E ffe c t  o f  Isotherm al Transformation
Temperature on Hardness o f  com pletely  
transformed a llo y s*
to  bo'' associated w ith  tho. doorcase in  infeerlonoXXar sp ac in g  
t&IXq th e  .decrease boles? £25°G■ Is  a ttr ib u te d  to  tho  dooreaso ., /
- • i . ■
in  -spacing ootsplod w ith  the  ineroaoo la  tho ancunt o f pro** . /  . .
euboetoid  ^ * • Tho g rM u o l' increase  In the. curve fo r tho & #4TS 
.aluniniun a ttribu ted , so le ly  to  tho increasing  fineness-
o f  o( : * I t  is# o f  course, possib le  th a t  a  peak' a lso  occurs ' -
fo r  tho  11*40/^ almziinim a llo y  a t  400°0 01s bolem$ b a t those ' '
H g n re a  aro not available* ' ' ' . , '
■ The only o ther work i s  on th o ' mechanical proportion o f 
m i r 6n*$oafca£ning bronso# tr i th  a  high alanin3.ua oontosib (Al 12*5^#
„  ’ ' 107
P© 3*$®%)' as used /fb r dressing dl©af This a llo y  th e re fo re  has. m ■ 
d ire c t  bearing on tho presen t werk, ba t i t  I s  in te re s tin g  to  note • 
th a t  a t  a  tra n s fo rm tio a  tenporatnr© o f  400°Q th e  hardness ©act 
mzdimii © tress increased and th e  e longation  decreased (from 4 ** ©£) 
Tilth progress o f  transfornotion* ■ The a llo y  i s ,  bowovor* too- 
b r i t t l e  to  allow -rigid conclusions to  bo. drawn fVoxa th e  mehosdoal. • 
p roperties*  ’ ' ■ ■ " ’ '
E ffec t o f Alloying M dltlCBs on Iy th e rm a l Transformation# : -
Shore have bom iso la ted  references tliroagliont tho 
l i t e r a tu r e  to  tho fa c t  th a t  c e r ta in  .'olonents increase  th e  speed 
of en tocto id  inversion  o f an aluminium bronso (a  te rn  mod hero in  
.tho  smao o f  tho normal decomposition on coo ling ), which ia  aluayo,
' sluggish* 'T1 iOur;!i those e f fe c ts  m y  have boon observed, th a  . 
trm oforonldons m y  no t always have boon is o th e rm !! and thoro  has
beon so  serious a tte a p t  to evaluate  tli© of foo t o f te rn a ry  ' .
■ . /  ' '  . .. v
add itions on tho sliopo o f  th o v curves,
2 ■ , ,
Bdmrds and itadgw* i s  19^9* -Qtaftod th a t  i i a  accelera ted '
, ■ ' ;, - ■ ■ * ' 16
the  inversion* wMIo GtoekGalo* i s  1926* disagreed# ■ t a i e r  th o '
■;■ - , t ■•■■■ 26 ' -. ; f 
investlgatio&G o f Bnith and L ia d lio ff  also  eliowoG th a t  1-*^ t i n
doldfred. tho eonele tioa  ©f iso th e rm ! trem sfo rm tlo n * : I t  has a lso  - ;
23 ’ ' ; . ' .
boon olainod by 13ray* Carrmtbors end Eoyer th a t  up to  3# . iroa. ' f  '
increases th o ’ speed .of trassfbm ab ios*  but th is  Widonoo i s  ' 1 .
eoant^ end possib ly  uareliab lO j e sp ec ia lly  m 960°0 vim used*
which m s  too-..high Sot- such o©Bslaoi©nd to  bo drawn* ■ ’ Tho ’o ffoo t
o f  each o f those oionentg has boon ©hooked a t  on© tonperobur© , . 3
only* a t  o r  'soar th© feosdrsum -speed o f  decomposition^ and n©
attcopb hag been irMo- to- Goborwin© tho ’ac tu a l shape' o f th© ' 6
‘ \ N 
curve* th e '"n o se” o f  which fo r  th e  p a r t ic u la r  a llo y  iaay not .
coincide w ith  tli© tem perature chosen*
Generally*’ in  the-'ease o f  a  s tee l*  th e  add ition  ©£ m '■
alloy ing  ©icbent decreases tho speed o f  transfom ation*  end inhy .
' ' ‘ *
mtoricCUy a l t e r  th e  chap© of' tho  curve* This*' in  fact* m a id  ' >.
©splsda vfh^ iron  added to  an a lm iaikm  brosso suppresses ^ so lf  ,
annealing11 by delaying tra a s fo rm tio a  0© th a t  tho oboling
curve ’m y  pass through tho ^nooe** o f  the  iso th e rm ! t r a n s f o r a t io n
Carve* Grain sic© m y  p lay  a - part* but fo r tho binary  ontecto id  .
26 , 1
a llo y  Gnith and h in d lio f f  found tlia t a  sing le  c ry s ta l  did not >’
tra n s fo ra  a t  a o lry iifican tly  d if fe re n t r a te  from a  spocim n w ith
g ra in  o iso -0 ,8  sxs* This g ra ta  s i s o , ia  largo  and should p referab ly
' y ■ ~ ■ • ■ .
• / r s, 1 ' mf p p <M>
b© m oh sm aller for improv'd p roperties#  cm! a  s ig n if ic a n t 
eheng© M  iso tlxorm l traasfazc;:.tloa  nay than  bo imzw3* ?h© ' .
o ffc o t o f  -nickel o r  o f  iro n  i s  to  reduce tho g ra in  s im o f  m 
©Xnnisdtim - kronse*.
I f f  - .
Eas m d Imob in v estig a ted  tho- trsm sfD rm tioa  o f
a  eoraeoraial a lle y  containing ill  12#3$# 3*&Q$# which i s  s ta te d
to  ho a  ouboctoid' alloy* A reg ion  o f  p* m s  f&m&t foXXasrod Tby 
p* *> * regions* to g e th e r  w ith  iro s^ r ie h  p a r t ic le s  which ere  
s ta ted  to  osase m Mr«las*denimg reaction*
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£©* from M s work in to  the trassf© rm t:lon  o f  eu&eoboid
a llo y s  contain ing  nickel*  f e l t  th a t  a llo y s  xih&dh p re c ip ita te
. 106 ~ -
«< should trim sfo ra  quicker* Haynes system atica lly  investiga ted  
tli© of foo t .of n icke l both on tho. ©uboctoid and !^p>»outsctoid 
alloys*  ' Tho only marked e ffe c t i s  tho form ation o f  a  doukl©
Is100 in  tho  ©tars'©. o f  tho l^ype^oiiteotoic! a llo y s  (AX X0*S?7$* ■ 
h i ' X*0£$ and A1 10*54$#. Ki 3*^3$) .* oormarod w ith  the n ick e l fro© 
a llo y  (A! 11*4$)* whil© th e re  i s  a  re ta rd a tio n  o f  • tranofbroation* 
Though no pkotoMorogrephe war® published* i t  i s  implied th a t  
tho sb racturee  o f  the  p la in  and n lek e l^o n b a in in g  a llo y s  ere 
sim ilar*
' , FRELIMU'ARY INVESTIGATIONS# '
C a n tin g  o f  Fr o l , Al l o y s ^ - ’ ’
200 gross eaoh of torn <xsperikanta3, a llo ts  wore 
m lto d ' in ©okG-»fired itonacos* . . V irgin isotals o f  the  folXorjing ; 
grados wore used' **» ' ' ■ ^
Copper ■ 'fi' e le c tro ly tic *  greralated#
■Alm&nixm % 99*7& shoot} for claddings • , •
I r o n  8 s o f t  i r o n  c l ip p in g s *
KickeX $ :l'm& shot* ■' " ’ : 1
The copper* together w ith  Iron and n icke l as required* 
wore PiQltod In. a c lay  crucible# covered w ith 'a  lay e r o f c h a rc o a l,' 
T%i®n molten* tho alnniniwa was added cad tho l id  replaced fo r a  
few Binutos# then tho saolt was s t i r r e d  w ith  a carbon stick# '' - h 
This pros ©dare was rep ea ted . u n t i l  a lloy ing  was ©ospXeto*. Tho 
a llo y s xmro then  poured in to  a  f l a t  oast iron  oould# to  giv© 
ingots x  i t *1 s; For a lloys 11 Aw crnd BB% tho oduMs wore
only s l ig h tly  worosel* to  d rive  o f f  moisture# and .in ooasoouonc® 
tho a lloys had. ra th e r  a  poor surface* hut fo r  Alloys ”C” and MBM 
tho moulds wor© boated to  approximately rod boat and raoh  b e tto r  !. 
surfaces were obtained# The ingots were stripped  hot and* ' 
allowed to  cool on the  floor# <•
The head o f  each ingot was earn off* 'and nicked and' 
fractnred# . ; This showed ingots f re e  from gas porosity# to  which 
these  a llo y s  are  prone* one! th a t  cloosddaiion should bo unnecessary*
Analyses as*© glvea £a Table 14# i l l s  ©booriratioBs i • vies on 
frac tu re*  n a il in g  lo sse s  ©to**, are- iBoluSed i:a Table 1%
Hho n e ttin g  loos © s  q u ite  horn? fo r  m e t  oasts* •
■>
I-lo rostrQottiros o f  l¥eljxil?ii^_Alla ;fs»
The ingots nor© seatioaod to  provide B is nioro^Bpooimmo 
apprordm tcly  1 on*, sc 0*8 os* sc 0*6 om* thiols* th e  ro m lM o r 
being eeetioned to  give s a t e r i a l  fo r  ro l l in g  to  choct* fron  
vhidh fu r th e r  B ioro»sootion8 war©. tahor* and to  give a  square 
seotion. fo r ho t forging to  rod*.
flia Mo3fO«spo03X20ns trore lin ish ed  to  r ® 3W  as  appreciable 
wxmsfo o f  os Ingot face* fo r  euteequGC& nlorosoepioal ©sscsuisotio%. 
then  h o a t- trea to d  mil again lls io h e d  before esarrim tiop* Tm 
objeo taof t h i s  ©saEinQtion ^ruatas follow s *«*
a) to  d e to rs ia a  th e  re la ti ire  a reas  o f °< sad ©utoctofid* 
mod observation o f  the form, o f  the ooteetoid*
b) presence o f  a th ird  constituents i a  a llo y s  lfBM* WG%
©k! **>***
o.) ob tain ing  a  s tru c tu re  tiM eh ndght reasonably bo 
©spoofed to  possess cold viorldng properties*
The heat«»troal£ienta applied* th e  s tru c tu re s  observed# 
arc  ehovm in  Table X£>*
Ctnictuipos «* As~S&?st«,
<*t*a wbw f^say-.aB&Tfe.-.-^ &, -y&.4i,«aftBCT- ^ i^KtevattaBs-a**- $£* <*»**»»««*>#»•..***
' Tli© aa«*aae$ s tru o tw o s  r/ere p o n s is lo s t Tilth those 
ospocted* ©sceepfc fo r a llo y  nDn (h i  *  Fo)# tiiio h  ©nhibita& a
TABLE 1 4 .
COMPOSITION OP PRELIMINARY ALLOYS»
ALLOY B
T  —
I H0MIKA1 
1
I i°  
l
ACTUAL NOMINAL
d
r  — — j
ACTUAL | NOMINAL
f t j f°
f
l i
A l .  J 1 0 .4 1 0 .0 0 10*5 9 .9 1 1 0 .5
!
131. 1
1 .
- 4 .0 4 .1 3 «
1
f a .  1 -  
1
- - - 3 .0
1
1 Cu. 1 8 9 .6
i 1
9 0 .0 0 8 5 .5 8 5 .9 6 8 6 .5  '
ACTUAL
gf>
■ 1 0 .5 0
2 .93
86 .57
Aluminium
Nickel
Iron
Copper
Determined by difference • 
Determined by dim etfaylglyoxi: 
Determined by sodium th io s u l;  
Determined by electrolysis.
i’ABIiB 1 5 .
MICR0S1OTCTURES 0? BiBLIMIIMY ALLOYS.
ALLOY I j A
TIES 1 P la in
t
MELTIIG Ir • u- >« i i
1
+ lip
FHACTDHI3 . & 1 
COLOUR '!
1
F in e , ye H oy/ .
I
GRAXG Sim ! 
GOWBiTlOW I
•a^ -’g g a iW W W »«« l»»m nw ^ a  |
As cast--  1
i
1 -  3 mm.
1
960°c !
fu rn ace  - I 
co o le d . 1
Mormal°< + e u te c to id  
la m e l la r  f o r  th e  
most p a r t , and a ls o
d iv o rc e d .
See F igure  19 .
92Q°C h: 
W ater- 
quenched .
960°C .
1§ hrs*.
W ate r-
quenched.
960°C
w ate r-
quenched
550°C 
XI h r s .  
a i r - c o o le d
£>
hi"
-  5-M*
ii
!
J. r e
i -i ‘X t* /'
C oarse , d a rk -L u ff , i F ine, w h it is h  b
1 mm,
G rain  boundary + 
sp in y *  i n  g ra in s
(' * spinyo( in  g r a in s 5 
o n ly , w ith  a g r a in  I 
boundary c o n s t i tu e n t  ! 
n o tic e a b ly  more I
y e llo w . 1
■i- oi
Io rm a lA +  e u te c to id ,  
f in e  and in  x>&rts 
i r r e s o lv a b le .  B arker 
a re a s  i n  e u te c to id  
p e r s i s t  on r e p o l is h in g  
and r e - e tc h in g ,  n o t 
v i s i b l e  u n e tch ed . Some 
sm a ll sp h e ro id s  o f 
n i c k e l - r i c h  p h a se . ' 
See f ig u r e  2 0 .
Marked a t  g ra in , 
b o u n d arie s  and i n  
g r a in s .
Some i r r e s o l v a b l e  < 
and j* * .
0 .5  ram#
Rounded ^  V Quant 
o f i r o n - r ic h  pha
$»onnal<x + e u te c t
o f much f i n e r  
appearance and s 
d iv o rce d • Genei 
p r e c ip i t a t io n  of 
i r o n - r ic h  p h ase . 
See F igure  21 .
Yery f in e  rounds 
i n  g r a in s .
Much sm all round
Tempered *  .
s t i l l  a n g u la r , 
W idm anstatten  
s t r u c t u r e .
Yp » S tru c tu r e  a lm o st \
\ i r r e s o lv a b le ,  d i f f i c u l t !  
I to  e t c h .  I
Tempered** + Y g , 
f in e ly  s o r b i t i c
960On■y I Tempered oL+ Yg * Small! Pern-like<* a t  g r a in
w a te r-  I p a r t i c l e s  o f  (*. +Y>)I boundary . Dark i r r e -
quenched I a g g re g a te s  re fo rm in g  ! s o lv a b le  m a tr ix .
650°C , 1 hrl i n  g r a in  b o u n d a r ie s . I
a ir - c o o le d .I  I
F in s ,  rounded** £ 
Ho sp h e ro id s  o f 
r i c h  p h a se • .
i m ^ 3cn*tonsltlQ# eoXXulor type -of structure*  ' '. 't
R tyaeture’a o f  Alloy s^2^ .^P^P9?^ . eF0!1 • 1
Tll©0S SbOW j*. . ,
th a t  ski <<"+ ©uteotoici s tru c tu re  i s  obtained- . i 
in  each ease* esoopb possib ly  fo r a llo y  W  ' . ..
(Hi 4 Fe)^ and . . .
th a t  the  th ird  a lloy ing  ©Xoscmb has a  'mrkod 
e ffe c t ©a th e  s tru c tu re  oh the  puteotold*
TI10 s tru c tu re s  are  shewn in  Figures 19 <*• £2«
Attempts wore wade by using a  plemiroebor to  © silm to  ^
th e  r e la t iv e  are  as o f  - o< g®.d ©ntootoid* hat tho procedure was 
laborious# a  sing le  determ ination tak ing  over on hour* eo tho e ldo r 
■ method ©f c a ttin g  up a  p r i s t  and weighing was used* Tfo© re s u l ts  
are shown in  Table 35a*: '. .
■ 1 , H 2£L2B* ■
•• R ela tive  Aroan c n i* e ' n t 1 *-» Pumao©-***-. , .  ^i.i '1,3* .
ALLOT AcD TTFB i'
»°\ m /«?
A
P la in
6i>
mItateotoid V % . j
tio^s. ©uteetoid 1 1*7 2 .
B
•©
' P 
h i 4* Fq
1 5 1  j C4.3 ! ©1 1?
s. 43 ’Hrr r* - & >'
» , 1 
:! 5 ? -
i;
1,33 1 HO 1 1,63
. The re s u l ts  show.that approximately the  son© ra t io  o f
;'
c* t o ■eu tecto id  h a s 'boon .©ahlevod in  oaoh a lloy*  though generally
joG f\iiMtt9«CooX'ed«
Alloy "A", 9ft) 0 Pumooo-OoolEKl 
Etohoc! Porrio HltpBtc,
-is*SI.. Alloy 9^€°0 Vtxmeoo«Co4Fl0d 
Eisohod F©rs»io II'it rate*
14? . xjgo
Fifogg Alloy *V # 96Qq0 Fu2moo*Cool0d*
Etched Farrlo  Hitoftte*
rather lower -than the ©aXculabod 2*3 : 1 ra tio#  . For alloy-'"B** 
(h i) the  r a t io  i s  low* duo to  the  low- alimdnlus eontonb* I t  
ehews also  th a t  the  th ird  element does so t have a  marked e f fe c t ' 
on the_ aluninlwa content o f  the . ©uteotoid# The figu res  quoted 
fo r a lloy  nDn ar® l ia b le  to  some cob s i  tier able e rro r  because o f 
the  d i f f ic u l ty  o f  determining the  exact l im it  o f  th e  oe phase# 
as shown in  Figure 22#. However* approximately the  ©as© r a t io  
o f  oC s ©uteetold e x is ts  in  th is  a llo y  as in  the  remainder#
S tructu res AewQucnohed*
©"r A ll alloyo were hooted to  920 G and then quenched* 
fro a  th e  r e s u l ts  in  Tabl© 15# I t  was obvious th a t  920°0 m s  
s o t  high enough to  take a l l  the  «< pbas© in to  solution# and 
the- speoim ns wore re-qu©n©b©d from 9 @ 0 °Q +  S truc tu res w ithout 
f re e  primary wore then  obtained# but tlior© was apparent 
separation  o f  ©i on- cooling* For a llo y  ltAn g rain  boundary 
p re c ip ita tio n  was observed* suggesting that th e  cooling v e lo c ity  
was In su ff ic ie n t to  p ro res t some Isotherm al decomposition .taking 
p lace-on. cooling*
The 'hardness fig u res shown In  Table 16 do s o t  always 
support these  observations* e*g#* a llo y  nQn was obviously low 
In hardness and I t  was thought a t  f i r s t  th a t  the aluminium ■ 
conten t may have been low* hater# however* In the course o f 
the  prelim inary work on hot ro llin g *  the  as-quemhod hardness 
 ^values wore redotoroined and show th a t  e ith e r  hot working# o r ' 
the th in n er section# give higher end more u n ifo m  hardness* '
TABLK 1 6
iiAIUKJESS VAX.OBS 017 PBJSIjmilAEY ALLOYS C A S T  OE UQg-^ORRBD»AH
COSE IT I  OS ! HEAT TKSATMEfIT
I
r
(Ka»jraasirjj<aii|? '- 'M e <mwsv a
A s - c a s t  Ii
!
A s - c a s t  1 960°C i  h r*  W.Q.
i
H o t - r o l le d  ! 960°C i  Hr® l.Q®
1
960°C i  h r .  A .Q .
950°C t  h r ,  55Q°C 7 h r .  A .C .
AliM)X Ah i)
A I B
g i 1 i t n  j U t   _.......1
Tv I~B  1 Q 1 f l ? T T T  [ ^-q— T viHf^”t
iiuj ru i. immiwamiiiiftrmii ft mi «>rn ~m|p  m»mi ~nTmi~~n i |ir n r imni.i~» wn i|iimr m d h i m  i ir 1h 'i irur m  ~~t T~n«rr innimw ' i"f"
I T T  i i  I
I54i 60 i I  I 297 I 96 I 27-29 I 174 !
H o t - r o l l e d
H o t - r a i l e d
A s - c a s t  .
H o t - r o l l e d
A s -c a s t
H o t - r o l l e d
H o t - r o l l e d
! 263! -  1 -  I 280 I -  i
I 1 I I I I
! -  I -  I -  I 297 I -  I
I I I I I !
I -  I -  I -  1(270)1 -  !
I I I I I I
i -  I -  I -• K245)1  -  I
229
I BO Ii ■ i
I 291 I 
I I 
25 I (275)1 
! I 
20 1. ( 250)1 
1 | 
15 I 235 i960°C t  h r .  550°0  I I  h r .  A .C.j 1641 60 I 2 1 223 
960°C i  h r .  + 600°C 4 lir .A .C .I  -  I -  I -  1(230)1 -  I 1 5 -18  ! '(230)1
960°C i- h r .6 5 0 °C  1 h r .  A .C ,
960°C f  h r.65G °C  3 h r .  A .C .
920*0 , i s o t h e r m a l l y  t r a n s ­
form ed 520-530°C  f o r  1  h r .
i'i •
I 1351 49 I - 5  I 192 I 78 1 14 -17  I 201 I
I I I I I I I I
I -  I -  I -  1(210)1 -  I 12-13 I (21Q )!
f i a t - r o l l s e l  I 920°C , i s o t h e n u a l l y  t r a n s -  I I
I fo rm ed  520-530*0 f o r  1 i i r . I I I
I W .Q ., te m p e re d  650°C 3 h r .  I ; ! 1
I f u r n a c e  c o o le d ,  I -  1 -  I -
* . I I !  • • ■ •
A s - c a s t  I 960°C i  h r .  f u r n a c e ' c o o le d .  I 1451 45 1 -14l 126 I 40 I -1 5 . 1 163
203 I 91 188
A llo y s  a s - c a s t  -  0 .2 5 ” t h i c k n e s s  (m ic ro - s p e c im e n s )  
A llo y s  h o t - r o l l e d  — 0 .1 1 0 ” o r  0 .0 8 0 ” th i c k n e s s  
B o r  C « R ock w ell S e a le  
VPK -  V ic k e r s  p y ra m id a l  number-';..'
( ) -  . H a rd n ess  v a lu e s  e s t is ia te d -  by c o n v e r s io n
r e m a in d e r .  S ee  F ig u r e  2 3 .
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FIGURE 23• Hardness Conversion Graphs for Aluminium 
Bronzes.
. I s  a lso  possible* th a t  .an in su f f ic ie n t  time a t hardening ' .
teqgera&uro ® s  given fo r hosxsgGnisation o f  a o a o t. .structure
before qnonelring* 9&Pc was th e r  olbro oho son as th e  <yaonohlng -.
* ' ■ .* ■
tonpor&bore fo r  subsequent wort*
fttruotorog *»■ Tgeperod»
■ Teioporing o f a lloys was izndortaken a t  59^ 0 ,. the
■ ' \
hig!i©ot p restioob lo  toraporotaro bolewr tha  euteo to id  teqpera tu re
/
■to avoid ewing o f ■ the  furnace tonporature above i t ,  sad hence 
giving re ^ f^ rn rtio a  o f  $ ,  while. IX hours wu&.tho longest ... 
tin© convenient fo r  irt& tmant in. a. wonting day* ' I t  was hoped 
to  s im la to  the  spiioroi& isation o f b a ll  bearing s to o ls , b u t,In  
only ©no ease , th a t  o f  a llo y  M0*’ (Fo), was a oocparsble s tru c tu re  
achieved* l‘h© o f fo o t of. a  noB*4ior3Dgonooas etrw otaro, 1*©*# 
on© containing free  $ boforo tendering mast b© considered, 
hub on th© o ther hand, when th e  aolcl ro l l in g  o f a llo y s  - i s  
considered. I t  w il l  be shown th a t  eltlu>udi a llo y  *3Ba oould bo 
redwood fu r th e r  than  the  r e s t ,  the  mx>m& was no t as g roat as 
xdght hay© boon '©npeotod frow tho  o truo tn ro .
Tempering a t  6^0°0 was mdorbakoa to  proride  a •- 
©os^orisoa w ith  a llo y s a f te r  a standard oosro ro ial tmb~br©atD©nt 
In  a llo y  !tAn (p la in ) ther© xmo some form ation o f the  ^  *  V£ 
©utootold a t  th e  g ra in  boundaries, .ind icating  that- 6^0°G m s  ' 
©boro Jk^ tacporaburo, -but th i s  did not ©ooer in , th a  o ther a llo y s 
as fo r  osaEipl© w ith  a llo y  W* (Fg -t»X3l)f which showed very l i t t l e  
differono© from th© as-cponohod s4 oro~struotw@ # ■;
■ ' a. e& isohnu/wsl transform ation  \
@i the  .-throo a llo y s ',*0%'' **G%' and . sB?ft : for- Subse^o-ont 1
"■eoM^roXllag* : V:; ■ : ' -.- p  : - - - - ..-. : /
;■ w:;-wh-w - 't2wo gas \ f f lo s  wore umd? w ith  leantm! con tro l o f 
>■ tcnperftturd* / ■• la  the  on© tms placed a  stoo l s p r ta r  containing ' 
tho'folloa-im g iBisttiro r«* / " ' "h- .: ■'■' o" : -
/■ , . Barium ch loride  : ' . S15^  :-
; '■•"■■ Calcium clilorM c: -■ ■ ■ 48/2 ■ ••■■.;■■•.,; ■
s'"■' ■:.■•■■ :=w; ■;> . Sodium ollloriclo .-■■>: - £1$ ■ ; ■,
4? .■ ■ >0 ■•■ . .
This" i s  s ta te d  to  c o l t  a t  430 Cf •' The- sp o c to n a  wore
d r i lle d ;  a f : os© end* ■.MokoS^ohrGE© w ires •'attached, ' ■ fhe  ■
'■ ' '
■' BpmixamQ wore hold , fo r  1$ minutes a t  ’920°0# th en 'tro acfo rro d  to
the  • second m f f lo - a t  928% - f o r ' 1 iiour*, ‘ then  f in a l ly  mter^qnonohod*
* o * ' 1 •’' fh e  tro n o fe r from 920 0 took some 5 '• seco n d o n ly *  sad a fa r th e r
<10 -* 15 ■■seconds wore rom iired to  "a tta in  - the  ■ isotherm al
transform ation  'temperature* which was maintained manually in
tho range 92© «* gj®0®*' 1 th® tem perature and - tim e wore chosen ■
"'from' published eurvos fo r  th e  p la in  enteotoid a llo y  . as -giving the
‘ fastest■ 'traasforzaation in  th e  .poor lit© ' t  •'••'.A fter m aking the
9$poQife0ns* / i t  'was 'noted th a tse tro r© ' de^alnm ini'fioation had taken.
•p lace ' in  th e  case  o f  alloy's - ”BW (h i) and ’ ”0* (F©) and' t h i s  t/ae .
■ ;cnl)Qoqu€«itly confirmed by th e  m ioro-c tm otures# ■ llardr^os t e s t s  
/w ere ''also ca rried  out and tho re  s tilts  a re  included- in  *able 16* ■-.■
■ iiio ro -seo tions from each, o f  • th e  th re e  speaimens'were / ,
\isotmted a&d po lished , ; Ppr the  f i r s t  t i n s  d lfT iou lby  was ,
-esperiegeed in ob tain ing  a scsratoli^fra© p o l i s h  m& th is . again 
occurred .when a -second s e t  o f  specimens was po lished , - Pitching- 
was Gsryiod o a t .In-the aoid fo r r is  ch lo ride  (d ilu ted  I % 1). with. .5 _
prelim inary Id e n tif ic a tio n  o f tho iros.-*rlch .phase w ith  tho 
iip- -»in o j otoh# • /  •
The s tru c tu re  o f a l lo y . ”B” (ill) epm iotod of...thick 
g??al& boundary °t # with, rounded .«/ . w ith in  tho g ra in s ' In  a ' 
t/idaosstfittoa  mremgemenb,. The m tr ia ;  a t  3£ 400 was Ju s t 
reso lvab le  as a  f in e ly  Im s e ls r  eubootoid*
;-v Alloy ^ nCn . ■ slwrcd a  s tru c tu re  o f <x and tm reeolvable
eu to e ta id , which was very  fin©# though th© g ra in  sis©' appeared ■
to  to  m i te  large* approximately t or 2 groins -1 n th e  •tM.Qla&ess ■ -
■ ' , ■' 
o f  the shoot '(0.096”)# *^ ho © trustare was very  s im ila r to  th a t  '■
o f  a  0,3$ carbon s te e l  in  the  normalised sta te*  - A IIP'-* Cy
etch  sinewed the  presence o f trio iro sw io li p o rtio le s  i s  a  fin© ' ..
eb&b© o f  division*.
. ■, a Alloy *Bn (li| * Po) showed a completely d if fe re n t  typo
o f struc tu re* ' . F'ior® wore a  tm iso la te d  c lu s te rs  o f I r reg u la r
, o( soodlosj in  a  l ig h t  hstxm s tru c tu re le ss  ground icaoa* w ith  ■
no v is ib le  g ra in  b o u n d a rie s . sad I t  was obvious? th a t  any . 
t ra s o fo rm tio n  tak ing  p lace bed not proceeded very  f a r ,  /
Another mlcrcMoodtlon from th is  a llo y  m s  e:uc:ihm! osd elsomv! 0, - 
.very cl: l i a r  struc tu re#  but w ith «c ;, 1 ::.,ro °< phase o u tlin in g  
tho .grain . l:>osrFlcrrloo# Tap m atrix  appeared : r  *,nGiti0j  and ,
. t >
v . *»' 4? ♦  .' . " : '
secsnod sim ilar to  :th a t  found In a lloy  stools* ,foi:np©ring -
;- th ig  alloy- a t  6^0°0* followed^ by furnae©~ooollng, gave a 
. hardness value o f  Eoekwoll 0*18, which i s  no so fte r, than tlm t 
measured f o r ' th o ' iso  therm ally trsinsfom ed specimen* or a f t e r - 
quenching -and .'tempering at-' tho cams tem perature and time* . 
grain. S ize* ^
•' • A tten tion  mast bo d r ®  to  tho grain  sis© o f 'the
m aterials* The-grain re fin in g  e ffe c t o f tl3© th ird  element I s  " • '
, - . .
- ! - - - - • • • - •
shown q u a li ta t iv e ly  by estim ations Included in  Table lf?# end 
should bo oonporod w ith the  observations • o f the  - fractures*  .
These do not c o rre la te  very w ell In th e  case o f a llo y  n'Bn» which.
■ hud as apparently  coarse fracture*  but on© o f-th e  gaol lo r  *
' estim ated grain  - sizes* N
Third Constituent*^ , . .*
1 ho sp ec ific  reference has ye t boon made to.- tho presence ,
o f  a th ird  constituen t*  h , 1
\
... In th e ■ case o f  a llo y  n0t? (Pe), a th ird  co n stitu en t was
- opresen t ao^east, and ao-fumaeo^ooolod# but quenoMng from $2D C ■ ■
apparen tly .took the  iro n -ric h  co n stitu en t in to  so lu tion , and ' .
to rpo rirg . a t  Op°C did not g iro  re -p re c ip ita tio n *
, Alloy MBn (h i) did not show any v is ib le  th ird , co n stitu en t '
■ in  any condition o f  heat-treatnenb* / Kickel had a  marked e ffe c t 
on the  - appearance o f tho su tec to ld  in  th e ?slowly cooled alloy*
and th ere  may have boon s l ig h tly  ©n. ©seems-of so lid  so lu b ility ' ' ' •
. o f  n lohol in  <* o f Y  p* since there  were a few small 
> . u n id en tifia b le  spheroids p resen t in  tho outechoid*
W ' ' . ■.
■ - \ ■* , , * 4-3 ** • ' .
For a llo y  *5I)% i t  was obvious from t lm deduction© 
rncle fro m .a llo y s, WB” . and *fQff bh$t the  gph©rblds wore xooialy 
a  r e s u l t  o f  tho  iro n , but th a t  the  nio'toX was emgmeatlng the 
o ffse t*  ' The colour o f  th e  spheroid© in  th is  a llo y  was very 
s im ila r to  tho *  g euteobold* Queneliisg' from' above S)3)°0 took 
; these  sphere Ids In to  so lu tion  arid tampering a t  &$PQ did not 
give y e-p reo lp lta tlea*  -
Hot working Properties*
The f i r s t  comsi&omtlon o f  the  xalcyo-abyuQturoo o f
the  quenched a llo y s , tornper ud a t  oncl o f th e i r  hardnesses** '
suggested th a t ©old working would s o t  fco possible* The a s-o as t 
o r quemohed a lloys wore obviously ou t -of the  question , end the  
fumaoo-oQoloG alloy©* though the  so ftest*  would b© espeoted t o . 
to  ©elsVanneaXed cmd therefor©  too b r i t t l e  for oold**working#
■-...: , . I t  was th e re fo re  d ec ided 'to  hot work these alloy© to.
rod form, whieh would than bs fin ished  round by a  l ig h t  drm • 
only#. .- A piece was th e re fo re  out and hmd forged to  a  • roomily
! O
pound shape, working from 95^ 0 dowa to  a . dull, red heat* . The
remainder o f  the  f l a t  ingot© wore hot-rpXIed fron  th e  same ■ 
■• • • ■•  / 
tecporati^ro* The te rp e ra tu ro  f e l l  rap id ly  when ro l l in g , which
continued f a r  below a v is ib le  rod h e a t, end enoouragocl th e  view,
previously  so t os ob© s id e , tlrn t .-after a ll ' I t  should be possib le
to  cold work those- .alloys* The cold ro ll in g 'p ro p e r tie s  o f
the  so a lloys are  more fu lly  described .in th e  sen t section*'
'* u h s^ -fo rg o d  ,*Jt was. hob-ro lled  as f a r  as possib le  
in  powes* driven ro lls*  bob the ©sporlncnto wore discontinued - - 
boaaaoo o f  m is^allrm cab  o f  th e  ro lls *  - ■
O aM ffoiling Proper tie s *
C o ld -ro lling  o f  the a llo y s  was a t t e s t e d ,  ©weept fo r 
’a llo y  %tAn xMioh i t  uns f e l t  ccmM bo Q oX d^rked i f  th e  remainder 
wore successful* < '
The feDb^rollod s t r ip s  to to  quenohod from $&PQ and i t .  
was ■ a t' t i l l s  stage th a t  I t  ’m s  noted t i n t  bh© as-quenched hardness • 
values wero'Mghoy sad m re  la ifp m *  Those valuo-cr e re  imlu&od 
ill Table 16* The a llo y s  v a ra  than  hoops?el a t  aao°C „ f  hoars - 
.and. than 00! j o l t e d  tn b i l  I n l p i a ih  edge .oraaldng m s  obtained* 
The b rdnes**- * ’ i f  t i  a w  io  p lo tte d  in  11^  o £i,_. mxd tho  
. 're su lts  snrxariood fa  Tab!© 17* Be^tosqmhag th e ' cold-yolXed * 
s t r i p  e t  gjp°C fo r ..^ 'm inu tes f id  noil give any dbainnblm  in  
. hsydnoos m d l a  p a r t ic u la r  fo r  a llo y  fB** InorouGed th e  hardness, 
TMo suggested t i n t  the  ro o ry s ta lllse ttem  tmporaknr© o f  .tho 
■ phooo i s  above 5JP°C a id  th a t  ye^tempssriag a  coM<*roXl©d 
a llo y , tialosa fo r  a  long time* m u l l  not re s to re  tho o r ig in a l 
.hardness to  allow  fa r th e r  re&aatiosj. bsiag  13:180,  md 'th a t 
■ ro-quonsliag. end hri^orlng  m o ld  bo aooocoory# i
’ . At th i s  stage I t  was decided to  t r y  tempering a t  -A'
toDporetiiros In. excess e f  tho reported oiiteotold tanpora ttire , even 
though some eobooboid might be r o l te x d *  as noblood e a r l ie r  on
«* 50 **
Reduction
FIGURE 24. 1 st attempt a t cold r o llin g  o f  experimental 
a llo y s .
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x T re a tm e n ts  -
1 .
2
3
4 
3 
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9 6 0 DGf w a ter -q u en ch ed 9 te m p e re d  390°C 7 h o u r s .  
960°C » w a ter -q u en ch ed » te m p e re d  630°C 3 h o u r s .  
9 3 0 °C , f u r n a c e - c o o l e d .
I s o th e r m a lly  t r a n s fo rm e d  520-930°C  
9 6 0 ° C» £ u r n a c e -c o o le  d .
350°0  20 m in .
650°C 1 h o u r .
pap© 49# Tho ©oid^rolXod s t r ip s  won© th e re  J&ro out in  two sad 
th e  eraoked edges roi©v©d*. The s tr ip s  vioro quoDekod from 9cO°Q 
and one s e t  tampered a t  600°G ta»  4 hours* th e  o ther e a t a t  6£p°£» 
fo r  3 hows* She hardness m in e s  © UVJUXISCU are  given in  Tahlo X6* 
TI10 s e t  tanpored- a t  6©0°t m s  co ld -ro lled  as boforo,. and 
th e  r e s u l ts  a re  p lotted , in  Figure 2p* w ith  siisoarisod r e s u l ts  
included la  TahXo 17# P©*»tcrocrlag a t  6pO°G staged th a t  the  
scoo length  oh tlo© as was o r ig in a lly  given l a  tendering  was 
necessary to- reduce tho hardness to  i t s  o r ig in a l m in e  (Sabi© 17) 
eM InslxQd th a t  ooM-S’o l l ia g  to  tho sane reduction  could again 
ho porfomod# w ithout ro*»qii,cno? dng tho alloys*. This does no t 
apply to alloy- ^P* (h i 4* Pe)r  wMeh increased In  hardness da© to  
eolcl work tz?J ageing,, sad th is  a llo y  tsould th e re fo re  req u ire  
r e tr e n c h in g * ..' Thee© conclusions a re  the  opposite  to  those 
reached on re -tcqporlng  the  a llo y s  tempered a t  and cold ro lled ,,
h a t in  th is  c-aoo In su ff ic ie n t t in e  nay fear© boon given*
Tli© InproveoGst in  eo M -ro llIn g  p ro p ertie s  o f  a llo y s 
tamponed a t  6p0°d I s  s t e m  In  Figaro- 23# hut- I t  \ms decided 'to  
f in a l ly  attem pt to  produs© by isotherm al transfhsm&tion a 
s truc tu re . tM oIi would, cold work nor©- read ily ,, p a r t ic u la r ly  fo r 
a llo y  nD” (h i * f k ) ,  which would s t i l l  not ©old work easily*  S'© 
iso therm al tro n s fo rm tlo a  work and tho re s u l ts  o f  riiarosooplool 
rn  " s tlo n  wore given 0:1 pages 4C> -  43,. and tho  hardness 
values included in  Table 16* I t  was obviously u se le ss  
to  prooood furtloor w ith  a llo y  (ill 4* Po) and cine® tenporlng  ■
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Reduction -  %
FIGURE 25* 2nd attempt at cold r o llin g  o f  experimental 
alloys*
th e  iso th e rm ! Xy transformed epoaim a a t  6p0°0 fo r 3 hours
■ sad fuiimco^ooolii:5g did not reduce the hardness* i t  was ftemee**- 
i cooled. tron . ' th is  m a a treatment previously found to
give.-: the  lowest hardness and therefor©  the on© m o t l ik e ly  to  
! stand m a t  cold work* i f  i t  m s  not 5 solf«*ano3alsdf sad* 
therefore* too b r i t t le *  ' Alloy nAn (the  p la in  a lu n ln lu s brGsuso) 
\iao new included and a ia i lo r ly  t re a te d , but i t  should be 
arphnoiaod th a t  ’ th i s  a llo y  m e  in  the form o f  th e  as-o&st ingot*
• A ll four a lloys wore then eold«*ro-£lod as before*- w ith  th e  r e s u l ts
: olioon' in  fig u re  26 and suosarlsed in  ?ab ls IT* Alloy “A* (p la in )
■ cracked tran sv e rse ly  a t  an e a rly  stage (ipm reduction), and s ! o tb c I  
a co lum ar frac tu re*  f ills  m e  possib ly  due to  a  cas tin g  o r
• ro l l in g  defect* ond .in c ip ie n t ~ edgo cracking was new observed u n t i l  
!; 22$ reduction* ■ f ills  fig u re  i s  lower than espeot * o jp e e ia ily
: when eonparoel w ith the  o th er ro s u l ts j  w hile th e - f in a l  hardness 
: value a t  c j  crooking i s  lower than th a t  aspoeted*. as .discussed -
: lab o r*  .1*3 i s  m a t  probably ekio to  hoat~breating cm as»cast
! struc tu re*  and i t  has boon shown .e a r l ie r  • (page 44) ' t h a t  the. f u l l  
b ! lord no os \ms only developed on quemeMng hob ro lle d  strip*
w f  Of the. remaining alloys* n'If% (til) w ithstood the  l e a s t  . '
i- "■ .'■;. .. . ' .-....;... ...  ;
i • reduction  (J0 $ ), which i s  the. eeoo a s-fo r the  same a llo y  quenched .
; and tezrperod .a t 6p0^v* .‘1'hus th e re  i s  no advantage i n . isotherm al
i tran sfo ro a tio n  o f  th i s  alloy*  ; ■
j w .'•. A lloys t?Gn (h©)# end ^B1* (h i +* F©) -could be c o ld -ro lled
; ..Tilth a  redaction  of. 35$ before cracking occurred* - .'Those ere .
*» 3 2  «*
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FIGURE 26* 3rd attempt a t oold r o llin g  o f  experimental 
alloys*
ttio M phesf values yob obtained* . , I t  sixm® th a t  fo r a llo y  ,®Gn#;. 
iBol^^oromi trsn s ltssm tio n  gives the  b ast -structuro* aM  tlio laciest 
IiardaoGs fo r  euooesofol eo ld^rolliny^ and i s  a  m rkod 
over quenching end tonporisg  a t  65P°G* ' i^gm oo-coolin^ b© '•
sooowhat bottor* ,  ^ ’, ,
■ For a llo y  -?Dfl (h i 4* Fo) .farnoooooo lin^  gave th e  best ■_ 
condition  fo r  ooid-roXlisg® and chavs tlm t * so lf^em oaling1 and - 
honoe b r ittle n e ss#  i f  present* t?as not d e trten taX *  SMa i s  n e t 
supported by alloy- RA£? (p la in ) aa diaoaseod above* though tM a 
r e s u l t  w a  probably anonalQua fo r tlio reasons stated# She re s u l ts  
o f  c o ld -ro llin g  .alloys "Att end £tDE? shoe/* iM evor* th a t  furnace* . 
cooling® and henco p o ten tia lly , b r i t t l e  *'solf-onnealod* alloys* ••; 
could bo oold«^orkod# a ' , .., '
- Inspection  of th e  hardness values obtained show th a t  : ■ 
o:coopt fo r  a llo y  "A" disoaosod above •  • ':
(1) tl'ie lowest possib le  liardaoco i s  noooosary 
.fo r  thQ la rg e s t  reduction  in.- oold*»rollins#
- ' fh is  m y not apply to  ooid^dr owing#
(2) ' ,C old-ro lling , gives burdnec© values in 'onooss
o f  tho as-quanohod value* and fu rtlio r reduction  
could bo nude ovon .after th i s  value hod b o a r  
reached before edge ©racking occurred* w ith  
■ lit t le  fu rther, increase in  hardness* "■
(3 ) Pumaoo^eooling t i l l  alloys® from tho p f ie ld
' '• (9dO°G) gave the  lowest hordnoso* end i s  tbo  one •
Iilkol^r to  tjibhshand eoooro c o ld e r ! :* ^  ' ■■ ■;
■ .'  ’ ' * ' 1 , ■
Ilardnooa Boh ^  *% '■’ 1
■ , *Tlso bandao3 set recorded Iruvo a l l  bcoa oollep-bod la  ■ ' ' 
fab le  l6 % Ihf carrying eat Koolnoli B and Ct  wkl W it t o ’dnosdos d 
on amorous ofcacplos* tho Gom'orsion graphs ehotm la  Figaro 2p
derived# • Frora th is  th® bill Iw dnoos fig u res  l a  fa b le  16 
have bcoa eoaploted# sine® i t  m e  the  . l a t t e r  fig u res  on rM oh ■ 
oosb rolionoQ waa plaoedf ba t i t  rmo f e l t  th a t  tho  mo o f tho 
Eoebr/oXX naohin© ocrnld possib ly  spood up tho uork#
Ikiblishod eonaerGion Figaros for tho Koolsaell naohine 
have boon included in  Figaro 2p# ' Though there is  sone error* 
both naoMros ttof® found to  be reading correctly* and tboroforo 
reliance neiald have to bo placed on tho enperlnesbally dotorniaod 
condorsioa chart* .
«« 7— nceoTF^f i r i i  •■
■= ■ * ' ' ' • .•
Proparr * B i  o f  Alloys «» b o ltin g  and
■ v ‘
' Tho a llo y s fo r tho main isxrestigaM on iroro molted end '
■east in  a  sim ila r aoaser to  tho 00 mod in  tho  .proXisiBory . ■' ■
inrostigatloB ^ but mMi la rg e r  weights o f saetsl were has&llocU' ■
v ■'• • Tho uirgiia notaXa used, were tlio eeao m those wood fo r
* _ - 1
th e  prelim inary alloys* cmcl t!i& nominal enclysQs o f  tho a llo y s  ■ 
e a s t  a re  shorn in  Table XGt  Tho a lle y s  won© melted in, a  
salamander ©ruelbXo* w ith  th e  ©adoption o f too* ”H” mid l?l%  • '
», " Jh vior© ineltod In  a  e loy  e rm ih le t  The copper# iro n  mx.l/o r 
MekeX as required  x rn m  melted f i r s t  under a small, quan tity  o f  : ' 
charcoal* using a  coke«»fir©d fumoce* bhen molboB* the  a l lo y s ! ■ 
w e  s t i r r e d  w ith  a  carbon stick#
; ■ In  tho oaoo o f  tho m elt contain ing Iron  only# nll% i t
m s  nooeooary to  a llo tr scee considerable time f a r  tho  iro n  to  ■' , 
dissolizo in  th e  copper before adding tho- a lm iniin i#  ■ For 
melno containing both iro n  and n iako l i t  tma no t 'afenys ©aoy to  
.bo sure th a t  a l l  tho iro n  had dissolved o r to  got I t  to 'd ldaolvo# 
■and th is  d i f f ic u l ty  sooood Tory much g rea te r when a  molt ■
: teorgorsbed'- ©crap from m o th er  molt# co th a t  In  l a t e r  m elts no* 
seray m s  uoed* :  ^Even th s a  eono o f  tho iro n  did  t b t  d isso lve  and 
; l t  waa concludod-' th a t  e i th e r  tho  molt would not d isso lve  any mi?® 
[iron# o r tbssfc tho  t   ^ sr© could naoh bo ra ised  s u f f ic ie n tly
TABLE 1 8 .
ALLOYS CAST POK »~a iH  IIP/ HSTIQATIOH»
, y* .m  — “ !"«&iiJSL ^ " i S S ^ W T T m a s a
NO. ALLOYr“ S I ' * l ~ i n  i T t ^ r i  KGTAL CAST
a s )
TBIL'SEAIuIiS 
(°C)
! 1 1  ! o I x o .o  I I *Z r\r\r\
TSiSPETtATUKii LOGS
L°PJ
kT"
9
3 2 0 ,5 8 0  I .6 .0
5 0 0 ,5 5 0  I + 2 .5
:i I 1 1 .0 1000
I I 1 1 .5 1200
1 !
1 1I 1i 1
! i
I I  1 1
I I I  1
r i i i .
I I 1 i 1 1 !
4 1 :c i 1 0 .5  
1 1 i 
J 1
r
1 4 I -  
i 
i
1 1 i 1 
8 5 .5  1 3000 1 1153 1 4 3 0 ,5 8 0  1 0 .7  J
i i I j h  
1 1 I ■ <-p.-. - |  -
5 j L 1 0 .5
1 - 1 .
1 1 
1 i . 
I I
i
4 1 1 .9
I
1
1
1
8 4 .0
i r  
3000 1 1315 1 4 5 0 ,5 5 0  • 0 .3  n  
1 1 1 1 
1 1 1 
1 1 
I I 1
1 1 1 1
1 1.
8  1 P 1 1 0 .5
1
4 1 3 8 2 .5
— I 1 1 I 
3000 I 1203 J' 3 2 0 ,3 8 0  1 2 .9  J I
I 1 
10 i X 1 1 0 .5
i
4 I 3 8 2 .5 3000 1 1176 I 5 8 0 ,5 0 0  J + 0 .2 5  j 1
I I 1 
6 I H i  1 0 .5
1
0 1 3 8 6 .5
i ■ ■ t  r r
3000 1 1208 I 6 0 0 ,6 6 0  1 + 0 .6  l i
I I  1 
9 1  0  | 1 0 .5
I I
r  i---------- 1
2 1 3 1 8 4 .5
1 I 
1 1
r t  ” 7 i
3000 1 1231 1 4 2 0 ,4 6 0  1 0 .5  i (
1 1 I I
I 1 I I
7 I 0  I 1 0 .5  I 2 I 3  I 8 4 . 5 1104 4 2 0 ,4 8 0 0 .4  i ]
1
‘S ee  G e lt  H o .9* A llo y  S » f o r  r e p e a t
Mgh by th e  ©ok© f ire s*  d esp ite  th© ap p lica tio n  o f  forood 
draught*. This. m s  applied sparing ly  to  avoid p i o b ^  o f  
gases j, though tbo deep high frequency furnace c ru c ib le  ■ 
protooted tho w elt to  a., la rg e  escfeenb* and th e  frac tu re  o f  th e  
o ast a lloys did no t ©hoa any tra c e s  ©f dissolved gases.
Tho atooininD m s  added* piece by piece* s t i r r in g  w ith  
■the carbon stick*  and m s  accompanied by tho usua l r i s e  in  
teqperaturo* I t  m s  observed- th a t  th e  aXmlnium noltod  cad 
stayed ©n th o  surface* then  when disturbed  by the  carbon stick*  
i t  spread over th© surface o f  the  rselt* giving th i s  ap p aren t' 
r i s e  l a  tem perature, ~ :
t!?v© e a s t iro n  moulds* tM ob  had boon hosting  in  gas 
s u f f ic e  to  tho tcrry-'raburos ind icated  in  Table 13* mr© then  ' 
aosodblod and placed on th e  floor* The tem perature o f  th e  
p e l t  was then  checked by an iso e rs io n  ©hroaoiUaXumel couple* 
connected to  a  d iro o t reading ind icato r*  th e  c ru c ib le  td tM ra ra  
f re e  tho furnace* and th e  ingots poured*. They were allowed to  
cool before' s tr ip p in g . She f&rasees used* and th e  arrangements 
fo r casting* a re  shown in' Figure 27* < The dross, i n  irony eases- 
m s  considerable* end m s  c a re fu lly  eo lleo tod  and om sinod tot 
undisoolvcd iro n  .end nickel* ;
A fter f e t t l in g  end cutting, o f f  the  feeder heads* one 
o f th e  heads, from the  f l a t  ingo ts m s  sicked and fractured*
Tho appear one© o f the  fra c tu re  i s  included la  Table 10* md in  
a l l  cases there  was no t ra c e  o f  p o ro sity  frost gas.
General Vie® o f  Furnaces assS arrmgeoaasfe 
f o r  C a s t i n g *
, . Oxio o f  th e  * " a  round ingot v m  v  1 for
eomlysls* - ' _ \  \
Duo to  th e  d i f f ic u l ty  i& -obtaining oorrooh o^nXysoca 
fu r th e r  iselto* a llo y s lstJn sad *&% wore mcle i a  m e f f o r t  to  - 
ob ta in  eonpositions tmto nearly  in  l in o  w ith tbnao l a i c 2 x \
' ' 1 1 i
thovzx tho re s u l ts  fo r - a llo y  •be" wore roa  ^  r ve.c ..nfal, -
the  a lsso lsim  co n test b slrg  h igh* /a lloy  *0*’ (Al,iO#jpo) tts Tory . f
tmh hotm t! o cugoofoi coiSyOcitlca* \tiloh cun c lo litcu rfo ly
pitch©! on tho la ?  cido i:i v tc a  o f  tin e rrrv ifv eo  t/ish  tho  o 'f v r  ■ '
a llo y s  WGW|  ”HW m l  *1*/' Cev^orl&xi o f t i c  cudyseo  c b d » :r \i
/ " ‘ 11? • 
BUggoobs th a t  pto:i  In  a  t e l l  o^,;|rg-od fonearolx bcl;ornoor;> too
can© d if f ic u l ty  cab fo ic d -ia  r e la t io n  to  a lc n tn ira  contest*-'y_
p a r t ic u la r ly  a t  ~c'o 10% lovely flzo a lloys oast and uosd are  • '
t-= / 1 ■' / ; ,.:■* >■- •' /   .     .:■; ....'■' \  •'
shorn diagrom rtioally  la  Figure 23# v:ith detailed  stialyeos in  . 
Table 19* ' . / /  /  ;" . :/'
f:a a t  has E f  i o to . assess t i n  quan tity  -of 
sligioifiocmt l y  Hides E lc  * bo tupeoiod in the , alloys fron 
tho v irg in  i ovals ohmm n  IV llo  2 >* I t  d l l '  bo aeon th a t cron 
in  on iro;->*froo alloy* sc:c iron can bo oryooiod* Lsngua.oco 
eon probably bo ignored^,©as can load* cnlp’w *  end
eosftoa as having l i t t l o  of foot on tho ctraotsro of those alloys* •, 
The renalndor of tho im parities woto tbero& re estimated to  
ho 'in  too folioming raogo **•
** y / **■
0,
FIGURE 28, Composition o f  Experimental Complex A lloys,
TABLE 1 9 .
COMPOS m o i l  03*' ALLOYS TJSSD IM_ t i l l l l  IJJV1SSTI&A
A1LOY i
I 9*66 j -
i
11*10 ! t r a c e
i
I 11*45 ! t r a c e
! t r a c e  t 0*01 0*005 ! t r a c e  1 t r a c e0*02
0*005 .1 t r a c e  ! t r a c e  I t
I 1 1
0*005 ! t r a c e  I t r a c e .  I t
i t r a c e  i <  0*010*10
1 1 ,2 8  I t r a c e \ t r a c e  I * 0 .0 1
| I S
0*003 I t r a c e  I t r a c e  I t1 0 .5 3  I 3 .8 3  
1 0 .2 6  i 3*92
0.10 t i 'a o e  i 0 .0 1  
t r a c e  I tr a ,c e  
0 .0 1  i t r a c e
3*002 k 0 .0 0 1  l<0*002 I t
i i
0*003 k 0*901 10*002 I t
0 .0 2
2 .1 2 0.02
1 0 .9 9  | 3 .9 7  
9 .3 3  I 4 .8 8 0*003 l<0 .0 0 1  K0*002I 0 .0 9
7 .8 0  I •
0 .0 0 2  KQ.Q01 I<0*0021 0 .7 8  ! 0*02
i
i 1 0 .1 9  i 2 .1 1
1 0.010*02
I 0.003. ko.oox ko.0020.01/ i 
.0 2
0*002 s t r a c e  I 0 .0 0 210 .82 .1  1 .8 7 ! 0 .0 2
C u, E l f  l e  -  C hem ica l a n a l y s i s ,  co p p er i n  d 
Aluminium by d i f f e r e n c e .
Rem ainder by sp e c tr o g r a p h ic  a n a l y s i s .
TABLE 20« ■'
SOURCE AMD M0-4IKAL AHAUfSSS Off YIEGI H iUBS
inyix:***&*»**'>*V** Bw w m w w iWWt'* .* * * *  . m nuiwr m»»»>ww >cg»i-.inaw-p »-a« 'fan»g w » 'i»y*’.Hny!i.wg^-'<mw.fii nonuwinrimo|
1 I 
1 1 
i METAL Te a .  
1 1
COMBOSIS
. i i  * I Al  • 1 r e .
1 1
10 M -  /to
Lin J  CaTHaiT’*
S I
Fb * ■ \ B i . T” S . T~”* 
i i i
1 ! I
0 . 0 0 2  1 t r a c e  1 0 . 0 0 3  1 
1 1 1 
! 1 1 
1 i 1
1 ~ T  
1 1 
1 Copper 1 9 9 . 9I 1 I I
1 I
1 lt
' r  F~
1 1 
0 . 0 0 4  1 -  1 0 . 0 0 4  
1 1 
1 1 
1 1
: i
- 1 -
i
i
i
I 1 : 1
1 N i c k e l  j 0 . 1 7
1 ' I  
I 1 
! I 
1 1 
1 1 
1 1
9 8 . 9  1 -  1 0 . 6  1 -  
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1
’ r
-  1 0 . 1 5
1
1 .
1
1
1
1
1
i t  r
-  1 -  1 0 . 0 5  1 
1 i 1
1 1 I 
I I 1 
I I 1
• 1 1 i 
1 1 1
1 I I
i---------------- n  r r i i
i I r o n  1 -  i -  1 -  1 9 9 . 4  1 0 . 4  
I I i l l  I 
1 1 I 1 I I 
1 1 1 1 i t
I i I I I I
I I  I 1 1 1 
1 1 1 1 1 1 
1 1 1 1 I I 
1 1 1 I I 1 
1 1 1 I I 1
I I  I I 1
-  1 0 . 0 1  1 -  I -  1 0 . 0 6  1 0 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
I I  1 1 1 1 
1 1 1 1 1 
1 1 i 1 . 1 
1 1 1 1 1
I i 1 1 I 1 
1 Al umi ni um 1 0 . 0 5  I -  I 9 9 . 7  1 0 . 2  1 — 
1 1 1 1 1 1 
1 i I i I I 
1 I I 1 i !
1 I I I  I 1 
1 1 1 1 1 1
- !  o . i ! -  i -  i -  1
i i i i i 
i i i i i 
i i i i i 
i i i i t 
i i i i i
'•••v '• ' f rc r , S i l i c o n ' flnioolxjrus‘ ;  ^ ., p .r?
V - t ~ - -  - -  :i .IUI I) .11 *''"' •' I I III ' 1
P la in  a llo y s* ' no tilled  ©lanort " • G*QQ : ' G#G1 y «•
■ with aiolcol p* ■ ' ' ;; 0^03-0*06;
■ Alleys w ith  iron- f  . ■•-' - ** h '■■'•*» ■.' ©*CCg ■
: Conpartooa Of those cottirvtos w ith .th e  epootTO-gr aplile^ >
asalysee shews th a t  tha  iro n  ©:rbx:i© o f the  ■ £ro&*£r©e a llo y s  or©
generally  higher* a t  Q+0J*OP10!% tho g l l iqqu f ig u res  wore below '
thoco esttesated*' Tim o th er ir rw r lt io s  ©nbaally- fmM wxaparo .
' . ... ' ■ ' 119' . . ■ ' ’
©sdsrosoly 'fa^o*orahly t ; i th  oosxsoroiai Doltp* ■ : • •;' •• •-* '. - ;
i --
yjorklWt to  S tr lp » \  . ,
On©' f l a t ;ingot o f  .each e a s t was chosen md th e  ^ r f a e e s  ’ 
roughly r&llect* Th® ingots wore then  put In to  s^alX gas n a ff lo s  ■ 
a t  approximately- 0(35 «■ 0D0°C# Tm zmf f le o  mr© eontroliocl by .
head* h u t ' ones they  had ■ beca a t  tanporaturo  fo r son© l i t t l e  bis©* 
quit© clooo con tro l o f  bccpcrntof© could be obtained* After- 
th e  in g o ts’had been a t  to m c re tn m  fo r  sore 10 s&mtteg* (00 «*. 50 
Eiinutog a f te r  ©harging) ro l l in g  was ooKwoaeecl* u su a lly  -on© pass : 
only OQhag nude a« a  tie©# before re p e a tin g *  Peduetiorsof 
0#040ff -viom gm:::* u n t i l  a  thickness o f  0 t 070n (approx*) m s  
reached*. Tho l a s t  passes’ were tho m e t  inooirresiont^ sine© th© 
s t r ip  wad' by th is ' tin© iro rj long ©ad I t  had to  b© doubled fo r  • 
rofhoating# end opened out .again fo r ro lling*  0© th a t  the. aa tu a l 
ro ll in g  .tocpcratur© m o  w ell bolocr ..the a u ff lo  temperature* Tba'
alloys, wore f in a l ly  yowhoabod and ckrobiM before annealing* '
I t  %ma noted th a t  ta s  p la ts  a lm l r i m  brorsos "G* • - a  '- 
(AI 1 0 « f h / 5iT* 11*0$)* sad " I11'-(Ail 1 1 .5 9  a l l  dmelopod a
orary  erco?:©! m rfo reh rlb h la  the  f i r s t  pass or too* desp ite , the. 
f e e t  th a t  th e  ingots In i  been soaked a t  •torjpereture and no boat .-. 
lo o t la  polling* This nay o f soar so- be da© to  .contact w ith
'eold ro lls *  Sir coed onfeonk these  surface© 3 c, c tidatod  oa
la te r  passes* i ;
f Alloy ,flw mo obtained in  the form o f ooaooraiat j / 8 n 
© stm 'hd rod* f l a t s  were hzmd fo r  god along the  12fl length* and , 
i t  was then hot ro lled  to  s t r ip  in  tao  soma m anor as t i n  _ ..'
;■ ■ . : n  - .. ’ '  :
rc~ i i Vw# ’ Alloy ■ "Yn m s  in  the  fo ra  o f broken .halves o f 
standard 0*5&ff diasotor ten sile  too t piooer* ~ ' m m  fta&r 
forged to  Q^ OCOn ' sheet* • . •
' • g All a lloys were than ©mealed a t  000% fo r srdnutos** 
followed by frr^eo o  cooling to  roon hxm rohuro# A oooling^ourv© ; . 
m s toVn*. and plotting-on a' terr;ro;hm>*Xog t im  papor indicated
th a t a t 3do°G t!v? a lloys were cooling a t  0*53°0 per jnisrate*
... ■ ■ ■■■'■ •■ • ■ ■ ■ - • -     ■ ■ '! *
Olio a lldys uore them -plel:led in  a sulphuric o o i& ^ ta a o iu a  
d ich ro m ic ' solution* Since th i s  vrm slow* a  n i t r ic  acid  *» 
sulphuric ooid sin ter©  was used* Inoboasing a lloy  contents goyo ■ , 
a lloys progrmsihrely e a s ie r  to  piolcl©* , fh© s tr ip s  were than  
opened pub again* daring which so no cracked a t  th e  bond and th e
fab le  Et#
cold ro lle d  to  0*060n w ith  the  re su lto
2A B LB  2 1 .
COLD ROXLIHG OF STRIP,
ALLOY I JOMIHAL ANALYSIS 7. 
AX ‘
1 0 .5  I
I
11.0 i 
I
1 1 .5  I
1 0 .5  i
1 0 .5  I
10*5 j
I
1 0 .5  | 
& 0.5  |
1 0 .5  S
4
4
4
0
2
2
4
1*5
3
3
3
3
4
HI3ADY THICKMSBS 
( i n . )
REDUCTION
A..
0 .0 7 1 1 5 .5
0 .0 6 8 1 1 .8
0 .0 6 9 1 3 .0
0 .0 7 3 17*8
0 .0 7 5 2 0 .0
0 .0 7 5 ■ 2 0 . 0
0 .0 7 1 15*5
0 .0 7 4 1 8 .9
0 .0 6 7 1 0 .5
0 .0 6 6
1
9 .1
1 1 xniammiuQ 01? 
A „f LBI5 STRIP
C ra c k e d .
C rack ed
C rack ed  ( s e v e r e
s t r a i g h t e n i n g
e m p lo y e d ) .
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■ 10io f i r s t  pctcs# 'from Os3T5a to  C^ftJ20r%. was'clool -1 to  
bring a l l  "the s tr ip s  to  a  m ifo m  thiclo-ieecs* tlie 0*375?1 o ^ ^ a s io n  
hoittQ mtdzxolp- Sho s t r ip s  regained sho rt and' r ig id  eaoagh to  bo
•B* 1 0  **
easily  mrPg ilnd $am to  0*160% but 4 hocwicxr. reduction was • /
then frp lcy  1 fo r tluo ned; tew passes* booaaso the t&lBnosa o f .: ; 
( t i e  s t r ip  go?© i t  an sviramgeaoX© Xorgbli whieh th a t  • on tho  '
l a s t  pass 'the t i r f p  had to  l-o trVoabX a f te r  wih^bmdtBg fro a  :: 
til® fwrncieo* %  tlm tXm  the  ..end o f t i l s  s t r ip  f in a l ly  passed ■ 
th ro   ^ i a roll,s^_ t in  ;tjxrpofrfaro to o  rg rrrorirrhcfy  gOOOC^  bbongti,
ro ll p * □ s t i l l  Quito maooccfol* oa Ci V.* Xf 4;' w?0% ■» ih© ■ , :
■ ■es^orfesrss tm tlao ix’oXSainary a llo p s* : •
\  ■'-: \  ’ ■' ■;:•.■' j\Tim s t r ip s  v&m f in a l ly  annealed a t  phOva In  a  gas 
mf£l% together Y?ith ilia strips |rsnri©nsly ©oM rail©! to sis®f h 
as already detailed in 'Tablet £1* . . .In.. only a for inshcrxos was 
i t  found nooosoary to cold ro ll m g  of. the ooooai ©at of strips 
to 0*0$)% r.xjt of tlxxi toissg alrociip. sliptTtlp' iralorsls©# ■-.v ,,
Working o f  Roimd .ffar*,, ’ • -\.
- flia. utJ d iano ter round bars wore roughly ground by hand .
to reorr© sarfaeo. dofoots*. . Tlmg wore then boated ia  a gas oaffla.a
/ a t  900 940dC end hot-rolled*.- f i l th  the  grooved r o l l s  available*
Qoncidorablo troub le  m s  '©aocuatored fron  Timing* vt&oh had to  bo
ground mmg- by hand* • .fh© rojorlty ©f the bars w r s  lo f t  a t Q/X6%
|dVsquare* Ooiso w e  baton down to  §** square*: again w ith ’.
considerable difficulty* and wore hhor ansealod a t j^lXpQ tor - ■
'% hour* followed by frniaoovooolS ng a t  O#ppOQ/kinub0* I t  was ■
found a t  th i s  stag© th a t  son© o f  ,tho a llo y s  -("&% f?Fn cmd 
* t 
wore a l l  drossy* fa r th e r  lo c a l grinding being required* „
«* C l '-**■
■■' .Gold ro i l in g  i s a  then  a ltjan lrd *  w ith voiy  Myblo - , '. 
ouoocas| mo!i orsvoking being ©srp os. lono j!$ • although annealing 
at' 930% had produood ophinira caibnoos-in tins alloys* iVbtonpts ■ 
were also  * to  1 p o in t1 several, a lloys fo r  ©raring* hut the- 1 
©Ms' ersokod o f f  before sa ffis io ab  po in ting  could b© obtained* •
Shis ooenrrod w ith  a llo y s  l?l V  nL% md in  one Vforfca# both  •';'
w ith  a lloys hot forged a t  t l x  ©ad and thos© l e f t  a t  f u l l  section*
and a t  another Forks w ith  a lle y  ^ JP* taafc* forged dciiB a t  the  end*
• , fiaxagh th©-courtesy- o f  C*B*C* Research hsixrsbory* ’ ' V/
'eqttWMrouaS bars (approximately 0*230^) wer© ro lle d  from 92b°C*' : 
bob a© ro lling- proceeded the  to .n e ra tu ra  had-'to bo- dropped’ to- 
£00% since thoso boro' wore n o t . su ff i s lc n t ly  r ig id  to  handle* ‘
I f  tormeraburo dropped below 6KTC the a llo y s boson© b r i t t le -  end 
erackod*• ; ".'. ' ' - ; ' . : ,
Condtruotion and 'C alibration o f ItrmnoeQg
for the pron&oat fam aes* nickol^ol^maiwa boating  ©loroats
. .- ^  ~
xmro wound on to  a  s i l i c a  tab©* and held in  p osition  w ith  m
alrsadma oornenb cad cm olmdrr>mob©stoa o u ter coverlon*
Tho s a l t  both m s  mad© o f  o l id  s to o l tube* 11© one 
ond was closed . by a Dild s te e l  d isc  a itashed  by n o to ll ia  arc ■ 
welding coad tho o th e r end m s  welded In to  a  mild stoo l .flango* 
Asbestos papor was thon mnldddt onto the  bubo hoforo frlnding 
the  heating  element and covering as fo r tho s i l i c a  tube*
■1 . The fum aco was m do from -|f3 ild o b  ceoKit-aebosboa
— of ** - - ■ -
slioot held to g e th er in te rn a lly  by bolted angles* - >ho top cod 
bottom o f th e  furnace xjotq In \f -Syndcoe* to  which the  sicca were' 
s o m M , ,.' 1
Tho tuboq tw o ' assembled in  the  oaGinr;©* using 
dieubomoious in su la tin g  briok  and Cil^o^oel poodor fo r  thermal . 
insulation* Tbs e:rbernal appearance o f the furnaces mounted fo r  
usa I s  olsrm in  Figure 29* . •• ,
At the  t io o  t i l ls  >iorI: too  ooaccnocdy no tem perature
c o n tro lle rs  o f  any t ^  .vrore available* ' Sone considera tion  m o
■ “ ■-.. ' ■ ' " V ' 95 , : ,
given to  mating an orpcmeioia, typo con tro lle r*  . flier© was*
lOTover* 330 space in side  tho furnace bubo fo r  the  -contro lling  ' ■'
element end tho mriter® 0 erperienoe w ith  con tro lle rs*  based on
tho use o f  cm enameling m eta llic  fzirnaoo tube* rats th a t  tlicy are
best su ited  to  furnaces oooratod continuously e t  a so t 
■■- 117. . ■ -■■■■■■ '■ - - • f l  ■
temperature* E lectron ic  con tro l by Prosser sets* though
. "6 o f f in e 'te rp e ra tu ro ' c o n tro l, 'a re - eupousive osd t/oro
tcoooremonbai unless c o rre c tly  phased* so fa r  m vkxb then  tmoum*
- ■......... . ■= -■ ■ ' Gp ■ - ■■■ ' ' ■
An idea used by. fcheoun was th e re fo re  adapted to  a
modified c i r c u i t  normally uood by the autlior w ith  iProooer oats*
' ■
The basic  c i r c u i t  used l a  shown in  Figure th e  p r in c ip le  
being to  use the  furnace in ' se r ie s  w ith  a  fu r th e r  b a lla s t  
resistance*  ' The cu rren t is" switched completGXy on .olid o f f  by - 
Doans o f  a  Ounvlo relay* - though these  are ra ted  fo r a  naaiano
-i • 1
continuous load o f  1 2X7*. those re la y s  'wore uood to  co n tro l . 
continuously a uaninoa load o f 1*4 117 ciuito suooosofully in  view
' m» ^ 3  **
rw o f Hoat«»TroGfejoi^ 
'ontrol Paaol rmd 
i Indicator*
gsa oConcc,
,oi>3 C ircu it used fo r  S tem oaa
o f  the  U n ited  r.ea \  - ili-3 con tro l c h a ra c te r is t ic s  o f
theeo re lay s were ' o give a s tra i^ rh  .lino  ty ro  o f  input
.against co n tro l se ttin g  end'm eata&l c a lib ra tio n  o u rw  i s  
aliotm in  Figure pi# ' ' SMs m s  ■ determined fo r •& c o n tro lle r  a f t e r  ; 
i t s  hoatop ro s is ta m o ’lrn! tfo n  ed jm ied  to- g iro  th e  tin$»g ; h 
.required* tjeoaues o f  operation  ©a 200 v o lts  instead  o f  -the 'Vtoml 
£30 * 2J0 volte*  :
%  su itab le  m a ip n le tio n  o f the  re s io ic m o  and th e . ' 
Bm ria .relay- and using on aoro tor to  se t th e  oarro it p r e c is e ly  ■ 
.efiy-gfvon to rpo rstarq . could ho -obtained* aM enoo attained* hold', 
constan t fo r the' eTxsrt lootira o f  wort: required* -••' A ty p ic a l 
c a lib ra tio n  to r  o m  of  th e  furnaces i s  shorn in  Figure A ■
photogrspu o f the 'furaaoes*  re s is tan cea  and oontro i panel need 
- i% m  c l r ~  u m m . . . ^ r m  i&.. Figure 29# •y . , ■ ,
’ foiuDora’mre Feas^ror-ont* . ’-. v
WWKWM* Si* » p 0^ ^  • - - . _ . ;
■;■■■ -For Boaauronont o f-to rp e ra tn ro s use was Bade throughout
p i  b liro n s l^a X m e l co u p le s* ;
' fhe. hot junctions were invariab ly  welded* e ith e r  b p .
dipping Into  cercrory under o i l  and witMrcaring w hile m ro n ry  and
wire were connected through a re s is tan c e  ■ to  the  m ins*  o r  by ■'
fusion i n :a carbon are* ; - Bo a .  o ling-w as given p rio r, to  use*- -
' as iM.s i s  not a o sm lly  e i.rrieu  outs e ith e r  o o in ero ia llv  or fo r
^109 .. ■- , ' /.. .- '■■ y
'• roooarcli wort* A supply o f 0^022” diaBoter w ire was obtained
. la  the f i r s t  Instance and. used. fo r  dot©mining the" castin g
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FIGURE 31» Sunvic C ontroller C h a ra cter istics ,
a w c
FIGURE 32, Calibration o f Salt Bath,
t^ p o ra tn ro s#  using a  d i r e c t ly  c a lib ra ted  Indicator*  . thsrlsg
c a lib ra tio n  o f  tho furnaces i t  was discovered- th a t  tho output ■
100 . . ~
from th is  w ire did mt correspond to  published ta b le s  when
ohoolcod against & Bh "  ^ m r couple* • Those c a lib ra tio n s
wore c a rried .o u t to  a  e a s t Iron  blooh I  if1 d im e te r  'ss long*
d r ille d 'w ith  severa l !io%0B& md suspended to  the  p reh ea t. furnace*
As a re s u lt  the  o rig in a l m r® purchased wag found to  bo reading
175 -  lOffd laay  ^he figu res fo r  ousting t&^erafcuros^ere
corrected accordingly and th e  wire corapped# • TMa m e t  have .
been an Iso la ted  instance# since'-another batch o f  0*022w diomoter
vdr© a|rood w itu to  ** 1° ab'7S0°Q to  * 2° a t  932%  £$& stowed th a t
conduction o f heat along tho th in  w ires was wot responsib le  fo r
the  erroneous' read toes# - ■ ' ■ ' ' . ' • - .
•: ' - V arious troub les ?iere enoombered duo to  prenoture'' ~
» \ 
oxidation o f the couple w ith in  th e  sealed Inoorol sheath#, o r  td ‘
ptoob slap  to  tho ind icato r# ' or t o 'th e  use o f  a  low in te rn a l
re s is tan ce  tod ioo tor (5 oho©) c a lib ra ted  for. an o to o rsa l re s is ta n c e
o f 0 #1 otog because tho J  f t*  ooupleo o f  the  G*G30W w ire bed a   ^ .
re s is tan ce  o f  2 otog* , .
Vith the  change over to  a  new batch o f  therm ocouple  w ire
e a rly  on to  the wort# a 'second c a lib ra tio n  m s  undertaken# again st.
a  Bh couple# w ith  the  r e s u l ts  cl^ own in fab le  23.*'
These fig u res  arc  w ell w ith in  th e  I t o i t s  s e t  b y 't to
supplier o f  the  c!wael*a3Usa®X wire# i«e## +  <>#75#' above 400°0
o r ±  5 ~ t u^ the  roago 7^2 ** 900°C*  ^ A second c a lib ra tio n  -
of au th o r eoimio from flio nm  be-teh of wire a^ooxmh
with them© fipmroo to' wlthim 1° a t ^  ' ** &Q0O0^
/ ?Antn f f a
foV V m V oi ot Ghrcmt^ ln T"^ yr> ••* V. ■*«,
' F o r  noacrrtmp h.b> temp orato r a am imdloohsr m s  used* 
oaM bratod e i t h e r 'l a  $W,. o r fa r  hho In fe r  p a r t  o f  the  irorh* , 
d irec tly . ca lib ra ted  in tcqporofture*
fho aoaoalod s t r ip  ggooimm#. prepared m  described in 
mi ea rlie r eooiion* iroro out up to provide GomXI.spooiooas If. sc - |'?t
f m  ' i
fo r  stadpla^ the  e ffe c t o f  bardcmisf* toppering ead iso th o ro s l ■ 
trm sfo rn a f  los*. Pipuro 33 i s  a  photograph o f  s t r ip  la  too  3*s»
to  s lw  the meh!x>d o f sootionlap eoplopod* Eaoli spoclssa  m g  
mmhered consecu tive ly  co th a t  t i e  ind iv idual p o sitio n  o f the  
gpoo toa  in the  s t r ip  oonld ho determined should th e  mood o r i s y  ■■' 
thoupli the  gpooimome wore mood at. romfom* ^
■** CxS *»
Gutting J ig  fb r s t r ip  
Spooixseno, showing hoat- 
treats?,ont and B llatom eter 
Specimen g*
... : TJ!m c a lib ra tin g  th e  oorplos* using a  c a s t  Iron  'block 1
aT f dlosaotor sc long* th e re  xim no. evidence o f r a d ia l
icxDporatoo grad t o t  o in  th e  pro«*lioat furnace* though th e  prosonoo
o f  a  I d 1 d isa s te r 'b lo c k  in  a  tonaoo. tub® d ie o s te r  m a id  bo . _
os^poQ'ted to  mm cu t eng- g rad ioats present* lb  ifl o f  In te re s t  .
to  not© th a t  tlio s i l i c a  bubo did  mot s t a r t  to  glow ( l a  th e  dork)
u n t i l  5dO°0 was rooofcod* whil© a  rod glow ooald bo soon in  tho..
sa lt bath .a t *pO®Q$ In t o  d a r iv . At d>?5°S; t o  m iltoaligr of
tempo nature over t o  coatr© STf tho fumao© appeared good
- '  ; . '  ' 
V isually# while t m r e s u l ts  o f  ©tbor migoninmiho easriod  o a t
daring tlto work info  hardening and terrporlag slaved th a t  good
o ■ 'Egrcm mb oorM  bo aoMoeod a t  ggOrC using e ith e r  jteaaoo* -. th e
'p> *hoat furnace was not* however* design©! to  work a t  th is
tompoy&bcire*. bhox%$i i t  m o  found asoossasgf to do so in  bh© cover so
o f  the  work*
Isobar* a ’ s ta in le s s  sto o l sbioM  m o  f i tte d *  .. flids 
 ^"■1 i © suits to  bo ofcailnod which trcra •'coacordant w ith  those 
obtained mi opoolmons tre a te d  In  the  s a l t  bath* l a  th e  tem perature 
range ^OO **■ bat tlio tonanao  ^ i  required ' CD- *  CjjS
t o r o t o d  heating  t t o s # . ; ■ •
ngoclrm o o f  the  c tC to sn b  a l lo t s  to  bo fro s ted  a t  a  - 
given to: r r m t o  o wore loaded on to- th e  jig*  sad a f te r  tlxo 
to n o e o  I to  bom  U ^agh t to  th© required  temper to r e *  tho Jig ' 
was In se rted  in to  the  f7 rrv>% ‘ Duo to  tlio. load inoortqd sad to  
the' l i d  on trio furaooo being loos t ig h t  f i t t in g *  th e  to m o ra to o d
bbkl dropped m l. lie! to  bo roaddmsuocl* Tho tGcmorshnr© was mb .
allowod to  ©noood m s  required god  the  apsoiioaaa wore hold, fo r  ' 1
a  lolalsmm o f  Ip  mlnnbos before removing fros* tho farsxmo* t i l th  
\ ■ ; - 
a  X lttlo  praatloo* t i l l s  opera tion  oo tid  bo performed ^uioLX y .
Spooineaa wore ttica dried-out* e lzim s to rin g  da w ater ovom lglit
saaotinoa oaasod chaining* ilie a  quenching In  o il*  a  p ro p ria ta ry
*
brood'was used (F letohor hkOQXer & Go*)* '. ’
Soporah© bsoks to  hold up to. 10 *  12 spoo loons were ,
a lso  end© fo r tho labor p o rt o f  bha m ?!4  . tho work on
liardcaisg cm! tempering* th is  enabled a l l  th e  a l lo ts  to-bo '
q5icnoliod Sm o i l  o r water* o r cooled in  a ir*  to  be heated in  tho
ear© farnaoe -load ’and cfw rh 1 m pL ontoly  bho ~Ingle hooks
war© ©loo mod fo r  th e  loot!w ard , t e n r f o m a t l c a  work*
• > -j ' 
ffro p k ^ rt In S a lt Bath^
As notod in  tlx© prelim inary work on iootlieroal ' . ■■’ •
tronofosomtlon l a  Chapter % sovoro d o -o lttto lfioG tion  o f a lloys
o
oooarrod In a .fu sed  ch lo ride  ctobnro a t  ^20 C*--' Subseqiiontly '
!5Ppronolt a  p ro p rie ta ry  colt* m s  • used a t  f00% * t l M  gay©
a  b r l r h t  surface a f te r  10 <** Ip slnn tos' lEiaorolon* 
ion ■
ES tiGod a ood it& potasslon  m ltrate/sodiw a n i t r i t e
nirrtnro up to  60G%# and he s ta ted  th a t ' tlie  quenching* r a te  was
112
h a lf  th a t  o f  load o r Xoad*-tia baths* kaak s ta te d  th o t ho had- - 
wood sim ila r baths up to  600% w ith  no dQ^alnrilnlfloatlon* osoopt 
when using old baths a t  tccipero,tiiro3 tip to  7liQ0G$ I t  was ‘therefore .
dooidod to  udo a  occnoro iall^  amlXahlo s a l t  o f tb s  fp ta s o tm  
B tbrahcyfedim  s i te d to  tppa^ boo moo • .. . .. -
(a) /.of froadoat from ilie d r o s s y  m dob oocmrs ir ib lb ; ;
■ - . t o %  &ad, . . ..., ■ '
(fc) tho  r  * is m s  do m% % b lu in g  dam  baaoo&h
tho ticpM smfaoo** ' ■ . ..
; I t  eboaM bo 'so tod  tfcofc f (r^ppXioro o f  th o 'sa lb  s ta to d
■ /' , '
th a t  i t s  r w  was 15O **■ P50°0 sad oaufciost isi i t s  m® tip
' 123 ~ /  ' 110
t o ■ 6O0°0f thotsgh.t&mriom l ib s  3 allows aso tp- . •* ;
Its,- faot* tlio .bath m s  gw o ly  uso l a to m  tyA ** ewoepb t e  © 0 ... 
o is  s l ^  Am  i t  m s  t a r n  rp  bo % 'tho  oot^oo o f  th©
won: m  d c ^ a lm ia if ic a tim  a--a ©\csrrcd,* tboapb Im alm /ab Aa tb s  
hath  tasdoil to  prodaoo a  h t o k  a r t  a t  I Ia  Mp* m  i / ; r  “u rcs# 
th is  lo in s  s ~oia3,2y m t io o a t ln whon o rv ' sv  "'t o f  2, o l r, o i 
spooirm s tms Ixriag om riod  ou t a t  pGO *> ^30%*. - . ; . -
a a  I t  i M i l s o  r> ad tliah t o  AsobhormX brt^fo rsaa tioa . 
b t h u a ?  m b oalp  moi* 0 t h l i  pmpoooi i t  was aloo tsocxV'for 
tarc 'xala^ o f  • sx>oo;t?.ma a t  tm p o reh m rs vn to  *ip0OG# w hllo i t  m s  
a lso  assd fo r  croco shoots o l th  tho  pro«Cm;b fm w  v% and fo r  
i l r t r p  ibo oaf xrboldl tcarcrc;tm o ~ , a tm  ib i s  ooourrod a t
term :ivtrsroo wp to  £00°G# ■ I t  io  oass o f  in te ra c t  to  m to  th a t  
on t ro m fo r rm ;  0 ~»vs?y load to  i t s  sold b ;th # llttX o  tc m w o trrQ ; ■ 
^miohiloa m o  mhod*» A r is o  o f  o th e  m m m ia iio to l whoa . 
t rm s io r r io p  a  Xorpe load froai tho pro-* - I h x i  potbhsp
l a  iwsooroas o d d  grposiaoaSf; ^ ic  drop !a  toaw craturo m s  o f  tho 
SCO© m ^ i tu d o # •• . •
' j '«** 6y ,
1 ■ a rise ss  f  • '• ■ ■ .
Fmstxc.# t e s t s  vtq?® ©srriod out e& eaeh  ^ ^^fcroabod
t
speetrm© ■ fixes was i n i t i a l l y  oasriad  ou t ea  aioro^speotoons 
hold I s  o lsa t%  M t th is  proved to  be is is a t is fa e to r j  boeama o f  
inswfflelcwb r ig id ity *  ..Both old## o f  a  c rm l m  trero tfoerofos*©'
' p o l i s h e d  o s .  £ 5  g r i t  g r a t o  p m r v  t o  r a a o v ®  w t b i n g  b u r r s  e n d  i k i  
psssosb "a p o rfoo tl^  f l a t  cmfoso- fo r Ip 1 m e  te s t l s g  m d th e ' 
stm pod faco was polished e s  m ooosal?# papors to  im 00 fin ish#  1 
Eashbtoes to o ta  wma oarriod  ou t using a  Wtohero ^ v i a , ;  - too ting  
M ia te o  .t&th a  load o f  W l2g* ttronghout, m l#o# cb> wvloo s ta te d * •
f . . 1
■ {bring to  the  mcameus epaofeoss to  be te s te d , cm# o r fa s  
IsT 'cceioiis only  wera fcrit% but th e  r o s s l t  was i f  i t
was s o t  lie m e orders# w ith  th e  sm aindor o f a  sorie-s*’ sad O ftm  fo r  
th is  parr#oo tlx# ©sofas# to  bo tooted  wt^s rogyepared# ho tea&uo" 
dineiregGaoioo wore -observed* m r  •were mgr d iffssesoos • sotod xihrn a  
i p o o i u i o s  s l i w r o d  f r e e  < *  a t  t h e
Ilierosoooioni Raardnatt^n*
Bash opoolwos m o  thoa  filoci a t  obo end to  give a  
oqmro ©dge# m3 tap to- 2® spooisoso wore xiomtod in  boom ©rdor* 
between two brass, c la sp s , fo r  po lish ing  fo r  wiorosoopioal 
enminohioB* Xhia bad tho -e^vmibago o f epood isx dealing  w ith  
nuoorouo'epoctwoso* and o f  id o s tiq a l po lish ing  emd etching-' 
conditions wbcr© those sould help  i s  id e s t i f io e t io s  o f  stsm tm oa*  
In  ad d itio n , th i s  m o  fom d to  bo Im alnah lo  when eonparisg .tin#
*m> ‘JO *»
eolots? o f  spoolmono vjhore thceo olimrpQ vos& T iclM o daring  ■ 
icofhorpol. trcs.sforE^biQiv. ■ .. . ..." p
■pOlirtfrg o f  I h e r o in  ?~h'yy ,%
. ( a )  &  "  ™  o * J L . w p z i t i ? 2 r v T^
MmatsVvto bronrmo con, bo polished by tins usual
mtc&lographi© moans on coery papors w ith no unusual precautions*-
They can than bo • fin ished  o n  Seloyh c lo th  end ^SiXrch1 r a t a l  
: ' h ■' -34- . '•' ■ ■■*.:--■
polish* Parser! Implies th a t  thoco a l lo t s  ©an ho polished on a  -
whaol eh 1000 using ®2A hour* a lu a lm  m& th a t  magnesia
trns :rob ao su itab le  as the  alumina* • ■
Eofononoes to  tba  ©XeetrQpoIlsM.Bg ©f-MnniBiuo teonsos
r _ .
mo very focr# ©aaent tor two ■ eo la tions which mo ep eo ifioo lly
• 37# 72 “ ea . .. ;
mentioned*. - Otaiora. end E isura  found -.that th e  add ition  o f  men  _ ■ 
X$ alm iisiim  to  -copper could bo detected ’ In  th e  o loo tropo li sluing 
c h a ra c te r is tic  owvo# and th a t  only ©no phase was‘polished* I t  •' 
slxnaXd.bo.noted t h a t h o a ©  ©sailbltod ^lotp^oiiorofrapliQ o f  
a llo y s  oim trovoX l^M  in. a  & •# 1 miMur©- ©f Eethyl a lcoho l§'
’ ’ . . V
m irl©  moM$ :.. -,
• fa )  ThtMdg * •'•• . s r
f .  ’ A £ t o f  I n i t i a l  p ro p e r t ie s *  prolissinary po ll chi was 
©arried out. tliroEph 0# 00* 000*, and GOOD papers# ■' - M^erlmonbs 
wore eaerlec! ©nt in to  honeI polishing* using l ig h t  ^ mgasola o r  ! e 
aitcaina on Beioyh ©loth*- Those operations* h m f w o r #  wore ■ 
tedious and clew* . -Finally* ©poe-isono were- suoooosfully polished
v ( ■ '
r?*>* jJL m ■ / •
isehal p o lish  ©lohli# ' ■• ■ - ■'■
. . ®& cxao o r too osaasioss i t  was /found v&i*?. d i f f ic u l t  to  
ahhabi BorMol^froo- spcm/naas* p ^ tio u X aa 'ly ^ iao .th o  a llo y s wore 
'•soft* '■•■'This u w r . i  a t jo l ly  braced: to. tho-us© o f  an  inoorp lo to iy  
rd /nd  wSilvo%  * lu rin g  w in ter tioa* :©m blxo-G© . .
cc or loss* cp/alu-ono x ^rc nvsbon..*aliy poXMhod cm. a o ld? ro ta t in g  
w h r l ,  using ** cXualau . , Bupoetod ■ otolxfaig ■ '
argd ropoliohing ebowod b litt  so flowing o f  tb#  ehiw buro had tobon
■ pl.UO* ' / ■•■■, - .
i^  ■ ' ■
(a) - Survey o f l i te ra tu re *  ■
A mxtvof ..©£. published work s ta r s  th a t  blip normal - 
©tolling so lu tions for- coppor«*baso a llo y s ta ro  boon used, oil 
c lu a in im  te n s e s *  though not very e a tio fa c to r i ly  sine© they  -
:■ ' . ■ - - - ■;. .< ..v 10
give s ta in in g  and pabohy ©tehing* One oce^rohaas'ivQ isr^ostlga tioa  
©bowed th a t  good re s u l ts  could bo obtained w ith  a  is ru o r  of" •
rocgonts* Onidlsing reagents wore suggested# o r © rygn was
V . - ' ' - - . 1
babbled through the solution# . i ’or the  «* alloys* g ra in  c o n tra s t 
o r g ra in  bovmAmy etch©a oouM- be obtained* but th e re  did not 
soon to  bo any r ig id  corrcXablor* id ^  r& sm aller i:m?astigatlon'-
has boon uodcrte&az# but the  photo^mlorograplis e re  no t very  5
u  ' /  :.■■■-, W - , ' ; ' ' " . ' .-
he lp fu l i i  ass os sing th e  r e la t iv e  m erits* A te ln im  t e n s e
does m% soon to  % e tfS readily*  but ,10 than  suddenly attached
' v io len tly#  .end i t  has boon suggested th a t  th i s  p a ss iv ity * ' due
to  a film  o f  onido* pan bo removed by a  prelim inary ©boh in  XQ$ -;,
. X 5 .  ■ ■■
fo r  '2 « 2 s ; ; x / ^ ,  . ■ ..
! ■ . fih$ ua® e l  aa h loslrelp’a o  ©toll fee s ir  n brcesG
> 1 ’ ' 33 ■. , ' ■■
©d f i r s t  recorded la  1397 ' vhrvr. n* J^rofXtsorXo-oold ims used# '
bnt th is  apposre 30 hare. .* en tire ly  ovarX.X)hOv’ ir? la te r  ■
m?ZzG££$ tilo need 17? olreefo aold ©Xootrol/bi.nalX;/ alr^st-
CEoXustvolry' f a  iron os* alenin lm  oefhocie is  trjod, for only
. . .  . ; .. . e 9 ' :■ .-..■■■■ ~ ,
■3 *» 6  soooriri# ah 5 TOXts* I t  i s  a parldotifc&ly 1:0 ??i! choa
. - - .
tihen epochv/.jo contemning posrXiho aro to  bo plate j : \ i f  - •>
• LaaoXXdr m d aoiorioe *  ia  eutootcdd ■ poer.J,tof" mid
(Fcni)Aij eeo bluish tr>o Vi ad ogsd o il doxlm ea etching * lo
distiasaioli XmxCXar ouuoaXoid.V * ra  caoldoally disoa-verodj. 
sto le  rouronh has Uxxi foarl .saoisfaetoip^ . ' t h i s  c.a v~lgr b® ; ' '  . 
prochiood *qf agoing & eoimticm of 73# CgO#)* !%*&ro£ca
. ’ ' . ■ n
poroaMo for - 0  ** 9 de^ fO in a loosely abopperoi bottle* . ' :-  : ' •'
i  , •/ '
■ , hold forrio  chloride i s  stated to cbaonro saost of the 
ims*»ricX* constituent end s .otohos are l^droflnorio
&oid «* n i tr ic  &cid# ilhoh attaoks l t^  on mmonia ** lipdropea
« * r?*■ - ..p? .
por ^  # tiiioh Xoarosit ■ fuo' ihmor eboli is  r.o^» ended ■
l ^ f  - r l  as the booh, a l l  round etch* tlxmgh slotr in  aoeloB»\
. Plough not a lly  wmMiemod* i t  soems tha t i t  eliotsM bo. . i
UGOu a t £0 ** 00% f I t  does not show no la ten t scratches, as is. •'
xiovjqX n ith  acid fe rr ic  chloride* . f , . . ■
For Xs^bhn^ dpp fcranafonsod epooisens*' the bdihoI;
oheboo oarf giro ilsl'o td iag  revolts* and ah f i r s t  jf ^  ooold onlp* bo
dotoctod. itcing s«* '
^ 73^  ^
iteoonia (zys* 0#9#, 9
Ifcdrogoa. porosddo (p
oa;l#** y'
*.♦ io f
I  s . & Xator irirosMgatioB* 1 |  1 flE^OII ** Tias
. ' 26 
nsod'aad eTOibaally elroc&o sold  tma fomd eoaoabial, o@g*#
i-iIbS31,0 0,0Oil #**' #** * * « 4 ** - 4*3 gr £1.40*
Ohronio acid CrOj** #f#. ***•■ 25 gro£B#
ti&tor** **» -*«* *#* #«* ##t 55 oo«- .
. 6 9 , 107t*atcr X3QV& .incioobod th a t  -tli© sbaX© oooonia.** I^rogenf* 
peronido otoli| o r  th© ©loobreXytda 2o ehronio acid* only tioro 
. sa tisfac to ry*  cad as follosra fo r prelim inary 'investiga tion  t«*
Porrie  lyitrato* *♦*•*## +•«. 4*0 grans* ■
.. «« #** *#« ' 4*0 grans®
IMurlo as id
*• ti Lui
*4 oo®
00*
Fos* tlio oonples bronsoo eontaia ing  &ppr©oiablo Q uantities 
, . , -T O * t  '
o f  siioliel and iro%  Cool:* 'Ponblsop a s! Dmi® torfe$& o u t t l io
•* \
prooodtiro g lron  in  Jab lo  £4’ fo r positiv®  id on tifloab ion  o f  tlso -
# |3» *.1 V * aad phases preeent la  thoeo alloys*
• • Id e n tif ic a tio n  o f  Phases by Etolilnga. ' .
W»'i-*WOv- V i  4*
XO/a orxiDnim poroaXphato - - o-. *m s.
; yellow
10^ a  - or.? u a ' persulphate *»
ropo lis l of w ith  m gpooia
cad e tc  oO In  11:0^ C#5*S
HrPo (20 vol) balhnoo. ■
. For $ obeli aooonim « .. ..
p oGUlglotio^ staler cine in
LCX lew, ^  v/aoh* ro*»OuGl'i in
orooniim porsaiplm ta to  '
renenra bluo stain* •■
■ - /
l _ f — J V
1
| Brcra - 
(aoiotiler)
1 *» Oroy
bine
Breem
■ (co Ionian ) 
or 1 deoon* 
' p o s itio n  
products*
v ' »*
« 11:1 t;or &sr
U-.iOO ^  «
** 74 *®
(lb) LethQ&e tJ8Qd» ' •; .: '
In  the  prelim inary work*' aold fo rr io  ch lo ride  t o  f i r s t  
used# bub even vthm th is  was d ilu ted  % i 1*. i t  c&pstir&o gave 
trouble* A fter try in g  n i t r i c ^ ^ r o f in o r i o  as id  ^eneeosofu lly#  
foTTio n i t r a te  was used* but was successful only i f  the  specimens 
Wore polished w ith "B'itvo® on Bolvyt © loth*' aM f in a l ly  using ' 
m gaosia  end then keeping the  spociiaono under water ■ u n t i l  they  . 
wore ©tohed* I t  i s  possib le  th a t  th is  ehoh ©beonros the. iro r^ rio h  
pirns©* but I t a i t i f l e s t l o n  re s ted  on csmEainatioa o f  th e  m etohod 
specimen a t  th i s  stage* In one-or two eases use was node o f 
hydrofluoric 'Hold «*■ s i t r i o  acid  to  i d e n t i c  th e  presence o r 
absonoo o f th is  phase# p a r t ic u la r ly  in- hardened m& tomporod , -■ /
- te p lo s *  ' .
\ ■ .
-for th e  main p a rt o f  the work# ©tolling was a t  f i r s t  in  ■
. a p la in  f e r r ic  ch loride  eolation# on© o r two drops o f  a  .
eonoontrated eo la tion  being added t a  w ater to  give l ig h t  orange ; 1
colour* than, otohiiag was easily -ob ta ined  b y . f i r s t  ©loosing'
the  spooinon on Selvyt. cloth# using' diaoontlne* I t  was found.
th a t  washing o f th is  Selvyt c lo th  m s  fa ta l#  the  power o f  . ’
doteygeney being lost*  - The Selvyt c lo th  was ‘always kept under
w ater whea no t in" use# •
A fter the work had boon in  progress eosae time* th e  . 
v 119' -
paper by Cook' sb a l  appeared end resource m s  therefor©  m&e to  
masnlxm persulphate)* ■ bslng 10$ scxionim persulphate reagent# 
i cnoollenb cfcohos wore obtained and i t  the© became a ro u tin e  f la tte r
toms© thio m  a t i rsb ©toh* tn r/imlGS* tzzrorJLvn
peraaim oho ,,was m \ !  lo d r a m  \,ho f i r a t  ciryis of. p 1 tvo ' j i t  tho  
©nuootoid® f  1 C .'n- a m m d  r s  colcaad.eao cxo polo- la in  io f rb b a  
JCttmra.vfiwelr^ ixx im hhom ail^ trm ofoonoil 8 p s c ^ a %  ttia  '
osi«ag of ou j^ootsald t/oro vor? ®mili C  ^ j *■ I t  doo^.^ot^
Iicmaorgs doteou p / in  m r rh o d  m:plc©# BhoMnf in  fo ro la  ■ ■; : ■
• ahXori&Q. than  fo llto su  o f for tho  c p x in x i  !n l k m feu mn, olomod f  , 
on .BoSrpt o lo ^ i md ■ thhm m tira , , A eaoond pmxiinah ion m s  thasi 
m do fo r  the- ibrs* o f  . ^ * propont o r  tho pnoQomo of. ^  a s  .p, -,...- - 
oppmjpleh%  ' fbo pposaaoe o£ Ui® Iron^&oh o©EoM,taorf m s  a lso
■ p6oit&v®3$r I d m t i f  i©4 toy thdi viaabkxa^im o f  ©tahlsc#
. Com orrm orfim  * oh mo carried ©at acin^ elootrolyhio 
©telling in Ifbolm nia mid  a t  4  w i t s  a t • X«8 jtaqps* Ibr ©nl^ ;
^ ~ XO ee^. Slioagh tho ©toll m s  oloar* s ta in in g  rag  ror^r. ■
. XiabXo to cm s* Zpm 1 ©f/teo&lrig pmscr mis orident ■ for '
1ml a\ 'iCr.zcl cpBdimsaa ia  a  c X if  oof i t  m s  f o l t  bohtor to  . .’ r , r... v
ro t" fa  tho ■.Bobbocls o f  of b i r j  o- 'ilinod■ aber©*- • In  ehraaio mid .'
tho ao tao l s tn s tm o Q  wore d iffe ren t*  s a t  o f  oplmood co rf rash  4  . 
and wc/old* ao elalma*-.giv© h o tte r  photographs# - I***** sb rao tares
woro •rory dofinlto* • hod. oa' wcr® an pics ecnjamhlrg Gulooho"d* -; 
j£ * ©holiod i'4 th is  E m m r did not possess a  ©tractive# which was
• therefor® a dioodrrhrga* IcohhomxClly tm s ib rso d  epssiacas I n
; ; ■ !
which fx bcaro feoea ©npootod war® also ©mrincd to rxd:o sooo
tlmt otoMnf ixx.mzxmi'm pcrsulphato hod not ©oooed mcld.ngt M t • 
no & y m s defootod* ; ., ’ ■ . ,
; . • ■■ , ' \  "
Shore m o only m a tte re d  roforccioog in  tho. MOoiaha?©
on alw hiaim  hT:mmB  to  tho ooltiro o s  irm a io rm tio m  f in  .
6
d a p  i.n i g irua  i a  Xfip &a 0*2* ;*„*. lOnta iolpv m l  Xotorf im' '
n  ■ ' ' ■ . . .
I f i t j  to  C^Sp m C\v * r o f ig  moo vm o f e l t  to  bo m f f io ie r t ly
*  12 ‘
noor to' figaroa marted o f  0#6uf fo r  o toois to  ju s t i f y  o o n strm tin g
a  d ilu to ro to r  fo r  Iso ihorpal f e a x h  tiaing s t r ip  Gpootraas^
p a r t ic u la r ly  so Garwood wood a d ila h m e io r  fa? x&tlz «o 41*44 '
“ : 144
a llo y s# ' A ch wood by 0*4* Dosioi* oh C attm soa ro ly toohn io* '
was idismetom Doditiod fo r hmd operations, and a  pantograph o f  bfeo
n m rsh u s  i s  shooa ia  fl^o ro  54# 1
flio d ia l  gang© m o  lioM on eai 5m m  stan  to  'prsomrt
loag th  ©hcegos clue to  ho& t^bat in  p?aotioo to o  ©ppmains did not
got toaduly tot#- i' • ■ '
ih e  Iiolos in  th o  • Gpoclsci, chmn ‘in  fig u re  3% xmm
j ig  d r i l le d  ana t in s  bn© dtotnio© 1~ a n  e sm tlg v  A run was. f i r s t
i v, -> a i-iXd s to o l spaohrn.* so shorn In  Figure 35^'» 24o
lowor eumod p a r t i s  p o tsib ly  due to  a ©old woshecl BPOolaKai# . ?c&&&£
P. 125 : . • '
tho physloo! .ooactxito f ro a  HfP*t* woifl; a i l  worldag bmlaaardo# i t
xms deduced th a t  ta e  oorm ot gong© length  o f  spooisoa to  tel:® i s
tkQ ovor&lX Xongth o f epeohrdn*
Heines' th i s  dincmoion oonoordanoa tr ltli  o o o ffio io ria  o f
' ; j& ' ■
orgonoicn fo r  t in  ^  s ta te  could bo ebbairod (23«2 s  ID** •) tint
.of
not fo r too  i#©#*. H*X ;s XO u w  v w ith
*4pnhXisliSu m in e s  o f 14*5 «* 17*7 ss 10 ’ # aho s tm t  o f  t r o
DiXatosaeber*
011 11a L.
1 "t "1 
J «
1 2 .0 ! ! _ v i
FIGURE 3 5 . D ila tom eter  
Specimen*
0.135’
Ex
pa
ns
io
n 
- 
in
ch
es
,
FIGURE 35** Dilatometer curves on Mild S tee l and 
Aluminium Bronzes (a llo y  "H").
t r a a s i i r E r t  ion + *1 wbs a t  6^0 °G# balms completed' a t  ,90OO0,  
which i s  c o rrec t for1 a-'0*2$ omrbam steel*. - ;
Further ■ex&&rtJBtmb& w i’9 then oasrlect ou t on various 
specimens o f aXtesiuim Lucases* ,v Tlxo f© suits pso. -tabulated- i s .'
2 -  ^  25* with- 0210. 0.2*083 clKsok c a rried  o u t . on th e  o rig in a l 
B attersea  apparatus*. -,.. —
..... ■ . T ^ m s- Q%  •■; .-.'■ .; - . o - \ h ' ;  !
■. C oeffic ien ts o f ~ -rp.ct’1 Ihgyuehou (% vr6) f o r • / '
A^-t ' Brongoa* .
. ALLOT- ‘ STATE ' ' HAS 10 c ll  r  OF SLOE
.. ft.........
- m p m  ■ 
n K i ?
'■ 39*4 .-h
X'y, ' : ■
' .1 0 ,5
9 -
■43.1 - 
. 23.7 
14,2
. 1*1 .
' 1*22 - '■;
-920 «*,- 970 :-....;
1
, 600. -  635 ■
570 “  750
,st B attersea '
Those figu res showed wide divergencies i s  absolu te  value 
o f c o e ff ic ie n t o f expansion, though the  ra tio , o f th e  o o o ffie io s t 
fo r tho  ^ to  e t^  Y0 s ta ts  was jaore constant* - The values do so t 
t a l l y  w ith those reported in  the  l i te ra tu re *  hot can only be - 
said to  show eoD0 d ifferences between the  ©t + *T0 and jg s ta te ,  , 
which lias so t  previously beoa reported* f
The change o f slope occurred over approximately th e '1 . > 
some temperature range when a lloy- ”Hn was used, -and from th e  \ 
typical- ©scampi©. included in  Figure 35®* i t  w il l  be seen th a t  an
~ 7 8  » . V .' , ' ■ . . /  ■; ,
rn rx is io a  oeeore and s e t  a  eO toaohioa as fo r  h iM  stool* ' The .'. 
to  t e l  o' y f t r f o  i s  m s i l  I*
Severed a ttc sp f  a wore .next mode a t  iso th e rm a l/ 
ts a x to m to io n ,. timugh fo r tho m e t  -post th is  m s . ca rr ied  ou t - . 
p r io r  to  Istole&go the  expected- eoares o f  trcoiofosaaaticm*
■ A lloy  f3lP wue ro ^ v .  f  4  m£l no m r
ssotsd a fter  2,400 scocmxlo u* 5 -^a- by wbioti t in e  over 10$ . 
tem sforjjation  .should ixava i a  on pleeo#.- A lloy ^X" m s  next  ^
tm asfersod from 640°0 for 13,312 cm t o  3 a t JpQ%# - Th® to ta l
con trac tion  os qaonoMrg m a  0*01 i f f ,  t o  the  t o i t o ?  ecntreetiosi
.
■to to  ico-Tiomiml t r s s s f a ^ b i o a i m s  only C*0;03% Too har&aoss 
uma V 245 •* 254 cad tho D ' s s t s s ’ f a l ly  f c e to 'to n l*  ' Tho V 
t o to o s o  figuroo confirm those o h o o r to . lo to s  from m icroscopical 
. t o o t o g t o o t o  . - ,
■ ' . T;io apparatus m s  to a d  to  bo to to b a b  e luasy  i:s woo,' 
cam the  m to o lib y  \ t o  o f  tho o i l  am m V o  was © to m to y  high* ' 
Doaa i f  the  stoo l *, a t  o f  t i c  O il t o  .etc.;4 had Lota aaae l ig h te r ,  
th e re  row o n to  li 00  etc 1 h i l l  1 to l ly  to  obtain ing  & concordant 
.resu lt*  The r  co t o t o t o t o c g  to  e o \j  s to lo n  tr ltti  too  fo o t th a t  
the  c it to to to o la  t r m to m to to s .  o h m m tto to to o  o f  t o t o t o n  
to c rm s  ore tao  rovers© o f these  in  ©t©al;.eM ore o f c t o a  .oly
w I t  om toctoo , led  to  the ©ortomi-to. that i t  m o la  to  w i m r  '
■ to  r o t to f  rrlorosccpaoal cmxtowtocu fo r  to io m to to to n  o f  
ioothosoel traxoftoo'slm x o*. r t o r t o b t o ,  m  used h ith erto  b,: V 
atooto ito ro rsa llg v  . -
' . - . '  4  J t o  :
, 1 * ' 1
i '
 ^ to 2,"^ ' 4 tof* ^  ^
awaysggff-Bgagriaaua
’ - to  p -w -m a ly  to  to f t  <r 2 , a to m  t in  .aXXoys ;
Iito tom. a im  r  w ld  u* h e  utofto* i l l  L 't o n  worm o n t o  t® - . '.’
then to to r to  to  cool in  th e  faraao© cut a s*&b® o.t Q#5 «•. ■ 
O^yiVmtotoo* z\j t o w n  tooa onto -of itow toolpa r@r# progorto 
in  ta® coco m u to , ato  tliorofto© toootvml Xdatoioto tototoag to  _. . ; 
I X *  a m o m  puroulptoto, wtoolx mm too moth eoatoutoo reagato •" ■ ■ ■ t ' i . .
fo r  a lley s  to  to ilto  ovhototod, b to x ^  r a  ;$reooEf;* : v
ItoLtog to  Toto^ y v o  a  ~ r  . 2  .golato l i t o  oimecmcnoo m o re  •_
«**(<** Vg) vas pivccot end ; n  1 /  maim gallon  then, faentoed to... 
cotoaitong f  f * to to’ - 'to to i;
Ti'lrvW AXXoyG® . : b. - - '
.The .s tru c tu res  oboorvod to r  the  to to iy  -aooisd. a llo y s  to 
eonsiGtoc! o f g c am lrr  otoootold o f to  <=^ w ith  uodo' '
■ ' t o  © . t o  •. '
nassiim  ** « .troso to , The-inoroaso to  toittolniwm ..coated toon t o . :& - ^
a llo y  f?'0'n to  a lloy  nTf (XO,t to  10*5--) givos tosreaood aoouto o f  ' ■ ■ 
outootoid, tfiiioh to  p a rt totolto tup a  v to l  o f S’ ^  is o la tin g  i t  tooa
tho 04 • phase, as ehoim to  togmoa fo  end 57® to  a d d itio n , . .
wnrooolto to  areas o f owtootoid ( a t  su pOO) ig w a r , and those  ^
Increase t o l l  tho tooroase o f  to to ln iw a ©ortont to  a llo y s toto to 
. (10#7b) Figaro. JO* and ,MI tt (11*24) Figaro pto b.Xt. i s  smtiooablo b 
, h in t ipaasular ©utocteid tomao la  con tac t .with £>,. aad th a t  wlioro
i  ' \  ’
. .; .«*- . t o  ■
[ | i |
a X 2 ‘^ 011 fo rrs  round\tho #■ ic o s l la r  outcotoid i s  forced
. ■ 5 ..■' ■. , . 1 " '• .■ ■ • V
as noticed %  Porbmrin^ , ■ . ■
fornagf asd Q aad^  * i .^r Series#^.
(a) Inoreaoing iron  se rie s* ' Hiekol ©onotsnt a t  
- " “ -3^ ^  ,!g".
Coopering . the upper i w  ©f photograph©' In Plgtiros 40 «* •
4-3* i t  t r i l l  bo soon th a t  th e  add ition  of n ick e l -{allay S3lf3) has
given a m ltl-p h a so  appearance 'to the nlorostruG ture^ t?hil©
'f ig u re  47 sIots th e  low power appearand© ©£ those alloys# ' $h©
cen tre  o f  the  dork areas -is V ^ (fro a  ©vidcee© obtained in
tho .quenching o f  these  a lloys to 'b o  presented la te r)#  ‘% la  i s  .
oot la  g fu rth e r  'l ig h t  brown constituen t#  ' GtrqohuroXooQ o r.
toad lag  to  la n o lla r  whoa ©tohed la  iteo a ittn  porst&phat©* vMeh i s
presunably H ill#  ..A eonst i tn o r t . also  o u tlin e s  ’the g ra in  boundaries*
Eho addition  o f 1*3^ Iron., (a llo y  Figure 41* rod i f  i  os tho
s tru c tu re  observed in  a llo y  33EW slig h tly #  tMXo the  addition, o f
2*0 •  2, 7^  iron , (eaioya ttPw and Figures 42 and 43, gives
a  struoburo which though basica lly , tho  ’eesao# contains 'vmh lo ss
onbootoM end eb low ougnif ioahioao appears very  collnXar -
Figaro 43* Fine although the alunlniucs content o f thoso l a t t e r  ■
a lloys i s  .11#31 ' ®od X0*9S^ resp ec tiv e ly , i t . seoaa 'th a t the
addition  o f  '■ considerable onom ts o f iron  in  th© presence o f  1
niolrol ra is e s  tlx? a lua in iun  content neooosary fo r  a  ©utoetoid
*
©Deposition c irca  the  .eooont o f  i s  .increased* ' fhe  add ition  
■Of Fo 1 *374 in  a llo y  %n In  the  increasing  n icke l se r ie s  (b)» ■ r  
grwos sphc ra id s  o f th e  .iro n -ric h  constituent*  Increasing th e  ' ■'

'mP?
i*o*« a c e l lu la r  struolOTQ j 0 Xc^oXIm? v. i  o -u ■v1-. j  loo hh a  ,
ooaeldorabla quan tity  o f  apheroi&s o f the iron«:?teh, co« wtltuont# 
as s ta m  in  Figaro 40* ' ' ‘ . • ' ' , - 1
Alloy -sI n (M  7 * 0 ^  ?o 3*E‘0  m ltbm ^h m t  Inoladol in  ' . 
i fm Iw ootigatico*  smaS bo SQaiionod hero cio diooieg la  tho  furaaoo**- 
cooled stato* oohomolch -+* iro i^ r io h  p a • fho
euboeioid la  th lq  tm tm o o  m s  eoailm ons with cam s c f  p ish  •
^ ?# rh io h  thus cocxood as i f  i t  hod not a a r jlo so ly  eioajccl to  
oatoetold* Tfo d iffm cm o  i a  s ir ro iu ro  i s  s ire n  in  ilg r.ro  40#
283 2^00
Fig* 49 Alloy nTw* 1000 C Slowly Cooled*
Dhows two floarcas o f euteotoid* 
Btehed F e rric  Chloride*
The se lec tion  and cu ttin g  o f  opeeinoEG tron tlio. s t r i p ,  
m to r la ls -  has boon described ' in  Chapter 6# together w ith  the  . . 
construction  and c a lib ra tio n  of' funioned® / Using the  n o tlsd s  
d e ta iled  under IIoat«Sroa1nont Procedure* otof#..ipaoh a llo y  was 
thoroughly Investigated* ■ aderostruc tu re  • end hardness woro
detersinod %- re-heating  the  slowly cooled m te r io l*  tioMing : _g
fo r 15 «* 2$ laimfos* 'end then  wabor quenched# Tho p ro -b o a t.. 
farnaoo waa used fo r the  bulk o f  the vsoslzg hot i t  was found ■ ■ . . 
necessary to  carry  out cronr checks using tho eolb hath.error tho; ;'
ran  go 550 *  60J% to  detenu* no- the  prooisoly.
end to  ob ta in  concordant and. .gqpoth Inrdnooo -curves* -which a re  .'■1! • - - . . . ' - ■  • •
presented lotos** • fo r  th i s  t< >o range* iioab-breatDont n ;
mas c a rried  out a t  10° in te rva ls*  followed by quenching to  m te r* , 
JO/i* 100% 1 stenrols .frp s  500%  being used® : '  ^ . . 1 >
In 'addition*, the  G ierostructu re  and hardness TJor© * 
investiga ted  by re-heating* and e ith e r  a ir-ooo ling  o r quenching :. . 
in -o il*  Shis was only c a rried  out ih  the  range *J00 »'1Q00°0S a t  \ 
100°0 in te rnals*  to  o b ta in 'a  general picturo-'of hardness tre n d s* '• ' 
Below */QGPG the eurroo were as s te e d 'to  to  eotxsordaab w ith  the  
waber^quonohed curve* ; ' f  t g f  ;
11 g*g» fdunrlnitni Brow-3 os* '
'A ir-cooIod a llo y 0® -1 ;
The s tru c tu re  o f  a llo y  i s  orthodox in  tha t, i t  co n sis ts
of priiOTy <* cod ^ * * trhioli owing to  the in su ff ic ie n t  speed 
o f cooling breaks-dom  to  p  *  <X * This i s  liown in  Figure 50 
(lower half)*  Tim . *.r h a lf  o f ' the- phobor&erOgraph- o f the
a llo y  ooolod from Cho <-* show-s c le a r ly  too development o f  the  
ty p ica l air-eoolod  s tru c tu re , and shows th&t th e  m atrix  i s  ft> % * 
Raising the a ta & n im  co n te s t in  a l le y  C-ll 10*3^) giweo 
s im ila r structures*  The elioage over from a  s tru c tu re  containing 
primary of (750%  air-coo led) to  one containing p rec ip ita te d
i ■ - - ' ■ ■ ■
«\ (3pf°a a lr-coo lcd) i s  shown in  Figure 5U  ■
Alloy ^ 1” a lso  shows e&. oc-v p f. s tru c tu re  up to
1000°C» while the  h ighest a lu e is lu n  conten t a llo y  ®Xm§ iefabovo 
©
75^ C* and a ir-co o lin g  i s  s u f f ic ie n t  to  r e ta in  p * apparently  freo 
fromo< *
flso hoxdnoss curves in  figure© 5 2 - 5 3  shew hho e j e c t e d  
ehengoo, except th a t  a llo y  nQn mmm a. domiv^rd slope* and a llo y  
gave considerable sc a tte r*  - Alloy f?l ?J die! not a l t e r  in  
hardness as quenching toDperatnr® m a  increased and. ^ f appeared, 
when -quenched - from above 7S0°C*
Oilgr_ _ mik a l loys* -
For a llo y  p* i s  oppsroafcly re ta ined  on quenching ■ 
ofrom above 000 0* but Figure 56 slisnes th e  a llo y  quenched from 
o10O0 G# from/which i t  i s  apparent th a t  a considerable amount o f 
oi I s  p rec ip ita ted*  This app lies to  a llo y  nG,f#. while o i l -  
queoohing a llo y  .'"If1' gives m a s io u la r ^  type o f  ^ f and in
177 ' idOO
Alloy !?0f*s Heated to  "fOQ&Q and S0Q®0*
■ Air-Cooled®
Btohed F erric  Chloride*
C t C 'C ,  ■Vn.
tv lf  ip
V,"sS
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Alloy "3", noafcod to  ?50°C aaad G50°a , 
A lrCpaled*
Eto-hed Forric  GMorido*
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FIGURE 52* Hardness Curves for Furnace-Cooled Alloy nUn
re-heated and cooled as stated.
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FIGURE 53* Hardness Curves fo r  Furnace-Cooled A llo y  wGn
re-h ea ted  and coo led  as s ta te d .
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FIGURE 54* Hardness Curves for Furnace-Cooled Alloy nHn
re-heated and cooled as stated*
FIGURE 55* Hardness Curves for Furnace-Cooled Alloy "I" 
re-heated and oooled as stated*
I f l i p w
I l i N M
%Jd
m&&*.^Qm. mm tl^ 'v3« xooo^o oii«^uouoh©ci
Itoh f^  Forrlo  C&loyiclo*
P «
»  w iirA rfc v / iy A tf
_  n sdOO
dl*liljL Alloy ’ H|}#. 1000 Q V/ator^t3©s^l30&# 
Utohed, Forrio  Ohlorld©*
2130 tad&ess eupveg aro e«V.^dor alloys 5^ % ' ?SG!J; mid
' ■ / ’ ' / i
**£%■ but a llo y  “?1% doapito  w ichrsochtcr o f re su lts*  s ta r s  a  / 
daoroasu In  hananesa with increase  in quaiohirg tcjporate© # <
WDfjer^ii^oho^ ■ -
' For a llo y  4?bT% the water«*qnonohed rtrao tu reo  tram orthodox*
, ■ ■ • ; ■ 
fli© f  5 produced b y  q a ©rolling enron J*roa the highest I y j* asur©
is  of tli© aoietilar << typo*- sliowisg tha t the qaonoliing spacer la;
hardly su ff ic ie n t to re ta in  a 'par© f *t as shorn in  Figaro 57? ■
' Figure JO; eliowa a llo y  nUn mtor^cmoaohod from 500°Q# in  . ; •
tjfc&cli oosb tT C L \aC ovp jx tion  has occurred a t tb© grain boundaries*'
Etching in  cezorius persulphate ©Iots t h a t , th i s  i s  in i t ia te d  by
p re c ip ita tio n  ©£.• «* a t ih a  g rain  bom daries* and demonstrates • ■'
the speed with whieh thao© alloys jpust b® t i  to  re s tra in
primary^ from ooparati&g* ■ /• f  ' - '"'.' -' •
;. Alloy ”(rn shows s im ila r © tsw tures to  a llo y  bat •• /
the mail increased aluminium contest of alloy. gliroo a f ’ * \ '
w ith such- le s s  re ta ined  ^  ■ (Figure 59) and ■eirdXarly fo r  a llo y  f*Xt? ■
i- ■ . /
(Figure 60)* ' - ’ ;■ ■
■. fh© hardness mmrm or® n o rm l. fo r a lloys ”!?** crnd ”G% " ‘
but alloy. shows & si Sooroas® w ith increase  in  ciuenohing • - 
tcqpereturo  £roa 8p0 **. i£)0G%f while no Increase i s  found a to m  th e  
n + p / j j
j n - F " 5urn tfeos’gog* ■ 1 .
■ Alr^pooled alloys*5 .
FIm>. structures of alloys ."K4* to nQn r&icm air»aoolod
b o u a t a y ^
S s i Alloy % w# 90C? 0 ilator^iaonehod, Rfcofaed & i m t o  Persulphate*
v.
.
‘A v / *  V . ; ' v .  .%KV-
tv/VA v- - . ■.-.
lls ife g i
slG©
Alloy *B*, $000 ‘G Wator* t^oaori€Kl* 
Btohecl Forrlo Ofslosrlde.
_ m u aw» »• t« -« st sc'®-f. <*!->»
Itolied F erric  Ohlorl^Q
A&3fcoy ”x”# Jjooc■;;.V’^ :-  SSftSUM 1C i  ... /"•. *
coo ling / g.7 fyon p re c ip ita tio n  fron  ^ 1 f ■ lao  -m ir in  m s  
7sd?aly oodvtood to  to  ^ * . £**€£3 'V—o yea s/lieu ofon otohod sitoooss iv o ly . 
i s  persulphate £oid f u r i o  sw 0 7 ilo a thee i. mx? oaoos g
■ i t  m s  f o l t  i&aiS the ^ J m o  i^oaP tfg  m m  Figures .
61$ ( B  Gad 64 elxar the graduation In itr m  tares oLxfLrod imp 
a llo y s  wKt? to  x m l l o  rigur@.£y atom  w o  o ir w im o  at high  
porsy* - ■. -■■ '
tlio imroaoed finoxQso of, the proe dpt t aloe 04 * m  10 
in o ip lo r t  of': rosgonsiblo '-for t!\o
exd-miood tmduGGo of a l l  alloys-as th o ' toop©ratm»0 is  laorGaoocU - '
■ .Oil«-mionohod- ' '
' ■ I'lofeooBoo to t ” e lo r 'h m o  cm soa* H u r o s ' u p  - 7 1# u i l i  ; 
s Io t  t i n t  in  a l l  cocos o i lw  r  ne„irg  gneo s a a s io tm f ly  r fg lcy  1 
bmdoiooGwS fo r a lloys *’ to tlOn0. 11-° eirueuuios m s im icnottrlo#  
c_x] in  noro iso la ted  wol o r rc lo U y  cviorX'i% za in  - j waro f
7 2 * m i lo  in  others* asm   ^ in  Figaro 75# l i t t l e  s tra o ta re  rro.o 
erident*. . g " ; • f  :;;
wircm ^ci! allorro# ' ■ ■ ■ - :
• • ■ tt^ aa^ ,^ uisties&*nr^.-ar
do mtGci carlic&y m o t o f 'th e  nie-ro tro p ic a l m l* , m© 
carried  out on th© mto7*^uenohod alleys* Eho sequence o f ,; 
sirao tc ire l ehangos noro orthodox* tlKsngli in  th e  oaco of thcce . 
alloyed broncosf - d if f ic u lt of .fnfcoi^ebaSicti* eyoa xrit!i tl-o help : . 
afforded by tli© e a r l ie r  w r l j  on th® p la in  bronseo* ■ ' ■ =
sr«*S»
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FIGURE 65* Hardness Curves for Furnace-Cooled Alloy WK"
r©-h®&ted and cooled as stated®
FIGURE 66. Hardness Curves for Furnace-Cooled A lloy  WLW 
re-heated and cooled as stated*
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FIGURE 67* Hardness Curves for Furnace-Cooled Alloy "Pw
re-heated and cooled as stated.
a
: U i .
:r::
: 3  IS 
-  -*-!-*—♦— 1 -
£3
A.
>
I
towo
aK
-^ iri
Ttr
ir-r
■rrr
prt
— * ' H *  "•“I * '
.tn
■tr,
m 8QQ_ 900
FIGURE 68* Hardness Curves for Furnace-Cooled Alloy "X”
re-heated and cooled as stated*
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FIGURE 69* Hardness Curves for Furnace-Cooled Alloy "H"
re-heated and cooled as stated.
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FIGURE 70*# Hardness Curves fo r  Furnace-Cooled A llo y  "S"
re-h ea ted  and cooled  as s ta te d .
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FIGURE 71* Hardness Curves for Furnace-Cooled Alloy "0”
re-heated en d  c o o le d  a s  -s ta te d *
a$QO
A l l o y  * 1 1 %  9 ^ 0  m u d  1 0 0 0 ° G  O i W ^ t i o n o h e d ,  
Etcl'id P errlo  Ofelorld©*
A considerable rev is io n  of' th e  r e s u l ts  a r is in g  from the
prelim inary etch ing  i a  esaoonitsa persulphate vrsa now found necessary 
fo r proper Id e n tif ic a tio n  o f  ^  # (* and y g ,  '' lu© m icroscopical 
techniques had a lso  to  he d ra s t ic a l ly  rev ised , sine© c r i t i c a l  
illum ina tion  tmg required  to  rosoIyb the  more h ighly  alloyed 
bronzes,, m l  ©semination Doth ©t 1 m  and high pom r m s  e s se n tia l  
fo r p o s itiv e  id e n tif ic a tio n  o f  th e  struc tu res*  •
boundary gave the f i r s t  appoaroneo of p % Etching in  ammonium 
persulphate showed th a t  ^ f appears as pole blue is lan d s  -sshioh 
are  svructur©3*oss»
th e   ^ * is lan d s increased' l a  a re a , a t the  esrponse o f the  duplex 
s truo tu rp  surrounding the  o< .is lan d s ,
alloyed a llo y  nZn a t  th e  temperature x f o l z h  the  iro n -ric h  • 
p re c ip ita te  has n o t boon takoa completely in to  solution* In 
ad d itio n , a  random p re c ip ita te  o f  p i s  coon In  the  V  is la n d s , 
vfcich m s  a t  f i r s t  mistaken fo r th e  iro n -ric h  prGoIpifcote*
There seamed l i t t l e  c o rre la tio n  o f the  &eloular o r , s tru c tu re le s s  ' 
ob ta ined ; mi‘th increasing  a llo y  con ten t, but con© reference  to 
th is  m ill be included in  d iscussion  la te r*  'xh& hardnesses shoi?
Figure 74 thorn b th a t  heating  to  Ju s t above t i e
Figure 75 €tmm th a t  increasing  the  quenching tem perature 
gave the  ty p ic a l appearano© o f a e isu la r   ^ % and -at the  sum© time
Figure *f& shcrcrs the  appearance o f th© 1202*0 h ighly
Figures 77 **■ 79 show the aaioular or s tru c tu re le ss  p * 
s truc tu re , formed on quenching from shove th e <*• boundaries.
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Alloys R,I 8 oaol *?** tg*o kioludod In th is  eocbiod. fo r  
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FIGURE 80 # Hardness Curves for Furnace-Cooled Alloys
"Y” and "T", re-heated and cooled as stated.
■ c n m m  %
to- in v es tig a te  the tampering eh o rae te ri s t ie s  o f  each -
a llo y , sis: s t r ip  s-poe Isons were quenched sim ultaneously a f te r  
heating  fo r 3® Bimites a t  1Q00°Q.*. la  a  fsw se lec ted  eases, 
lower quenching tem peratures were used to' in v es tig a te  fu rth e r  
th e  nature  o f  ft *.#. M r^ooollng, o i l  and •smter^taeneMng wore 
included* Eaeh apoai&on was eheokod fo r  hardness and arranged 
la  descending o rder fo r hardness for ascending tempering 
tem peratures end then batched. in  to  tampering temperatures*
tempering was In i t ia l ly ,  fo r 5 ©Inwtos on ly , followed by 
a  fu rth e r  3 e lm te s ,  then m other 10 d a t e s ,  so th a t  a  se r ie s  
o f  5# IP# m d 20 rdipates was obtained obI, where' app ropria te , 40 
and 80. minutes* fo ilin g  w ater was used fo r  tempering a t  100°C* 
Temper!ng from -200 ** roj0°C was oarriod. ©at in  tho s a l t  b a th , and - 
above gJ5ii°C• Is- t!i© -pro-heat fernace*.'' She specimens w e  again 
chocked fo r hardness, r© preparation no t e t r lo t ly  being necessary 
fo r  those tre a te d  a t  1G0°C (water) end £XJG°0 ( s a l t ) ,  w hile  ■ 
ropolish ing  on 00 paper sufficed  f o r ' JGO*. 400 and ^00°C tempering 
treatment*
I n i t i a l l y ,  i t  was only intended to  temper up to  f?50°C, 
but th i s  was 'extended to  "(0(Pq€ p a r t ic u la r ly  in  the ease o f  th e  
alloyed bronaes,. to  bring the  hardness down to  figures 
approaching those fo r  th e  annealed alloys* In  some .eases, 
reehcehii-g was necessary to  ob ta in  eoneortoiee and to  confirm
' . ' ■ The hagdiioad roots I t s  an© tihotm ^ a p h h a l iy  only i s
i . , ■ ■
Piguro# 31 <*-v92* ' -Soon graph a lso  s lw o  tho in  go o f herduosaOs, .; 
obtained as-qubr tv ,  w ith  It'© p lo tted , curves suporiapo&od frcci :.
© ^ -v j  t i t  _vor 8* Slxo tm airrn  hrirflsaooa obtained on ■ ,: 
teW/orlaglms boaa p lo tted*  , • . ■' '
Tm d e ta iled  m icroscopical r e s u l ts  hmo a lso  hom . 
om itted , duo to  th e i r  iimibcr end s im ila r ity , but th e  broad tread  • *•'• 
o f  r e s u l ts  w il l  bo described ivith the  help  o f  plxoto-ciiorograplis*.
■ ^fm®°cXc& a llo y s* . . . ;•’• .
< ' ' , * N 
A ll hardnossea on a llo y s a ir-coo led  only s t a r  r e s u l ts  :
■ s im ila r to  those determined in  Chapter C, encepi' In  one o r  tno ;
. Instances xfom tenures s r e s u l ts  0> ** JO p o in ts  nugiior ■
■ obtained , f  coloring caused.X lttl©  d iffe rence  In  tlio h ardness ,1..
' but a l l  a llo y s , ©soopts ®XnM t5I*%. te Sf a n d - s I w j w  s l ig h t  Increased
, / .- ’ ' ■ 
terdnoGS on tempering a t  30CTC, th i s  i s  duo to  tempering o f  tlio
|S * co n stitu en t IjCsoad by a ir-co o lin g  oM ia  mcmsgmiod, by a
ligh ten ing  In  colour o f  f *, w ith  sphoroi& lsation o f  th e  s tru c tu re ,
as s te m  la .F ig u re  93# fo r a llo y  WU% ' This x&oroooopie&l change
ta le s  p lace in  a l l  a llo y s , •' .
Oil-." ' " t 1 alloys®. i 1 ' ■
•aw teaa ( . . .
Allay . ' ' ;■ \ :
Asmnorehcd th e  &mo trend  In  hardness as previously noted 
. has boom obtained, 02 ^ 4  jl* s tru c tu re  being observed. Figure 94''■
/  •  ^ v ' * i i >
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; Cr» v r
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f;hs kngerins - a* Pigere 81* okrr 'jxC:® «fc 8 0 *,3,>
1* V* 0 jfu f. , n  , 1 j i  «. < r  ) *,*_> 1 * u:d lu i s  » **t " i
ta  nota t?wk Iko g l lo y e  giiankod i n i t i a l l y  fron 9i>°0 g iro  ■'■. 
eonaisbanily hi£hcv kckw;os:)j* •- T2w> dip ir ca-*vo i & 7 ?  a llo y s  ■ 
qcaiohoa frees i000°0 c/j IT0oc: 'fa c- Cy r-xle!;:.o (v.V'V m.9 to  '
0)65* chi® to  tha  largo  sow ltor in  l!v> wn^pwn.kod lT?wkwk%
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fenroring  i s  r l j l l l e  in  the  n lo ro s trao tn re  a t  40C°0
C .lig h te r cbn. lap  c i r m i  a ro } and tho hardness t j s t a r t s  to  . ,
of a l l  omy* us ch-own in  rigiircs Of mad Q%- f t  5U^  'cq £00 0 the •.
sso&rlx i s  el&osst s troo fn re lo se#. containing only esaX! spheroids / 
o f  t  g«. S k d la r  (' 0  to  a lle y  fto V  oneopt k V * tempering
i s  only v is ib le  in  the  s i r e a t s o  a t  jpDO^ O9 vhll& tlio k  iii the  
h n t f r n j  ©urv© i e ’efc 4f0w0t  . ■ ,
fr,.?X.V -. ’’ '
Figure 84 ehows tha t the as^ miKnaoheci hardnesses follow ' 
c lo se ly  ^ tho trend  previously  noted, fe ip o ria g  does s o t  isiGaoe - ’ 
mto&.poal: tahboss in  alloys ^moh®& o.r.000^0# h u t.
gives the prwl*' * noted tonps^ing peaks whoa r ^ hod from .
900 end 10GD°0# tko 900°0 curve ageda hoing s l ig h tly  tho M&hor# '
r > ■ 0Structurally* aigsa of ■* i r  mlng er® only v is l t lo  a t 5OQ psondo®
I odoI I su? ©irbootoid to ie f  ohfalnod* as shown in  Figaro 95* • •' : v
s m
S eap eroci a o  a h m n *  
fitobed F e rric  ChiorM©,
i f  0 ~ $2 a l l  sOar I ' w liardaosoos
&ro. olossly ©teilnr i s  thosts pr0?3r * ?.* foserrinod* • A ll tor^orlag 
ovmroQ-■ otoo? 'tlia 0i3so !ra Vv"*3 trend* poai~s a t 4O0*v* "-Tho 
j^vostaftfttarog- f i r s t  r!: rr cri-'T ' *o of as follows $**
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' ‘1 ■ . f -
th& as«q«coo!iG& fcapfiao&j* chora ia  FlgCT 81* i0.; ' - I
sidlas* to i* see piwicmsXy cotosrairod.* x-fs&l® the tempered •
harcXioos eb1;Jo die tho auporior&ty Of Uio «u>*qpcaclio& Irirdnoaa* - ,
Figiar© fd il lu s tra te s  ths fast; tha t t ie  ca-c;rfj of fo m d  t y -
iorperisg fegppors to !>o m sh loos ihaa tho caoaru o f prior (2 f «. '
l&ltaioo of t o r n p o r i i a  tho chrr.olaroo is  chtairou Mi .alloy **0"
a t «. r °Q (piah ooloar)# ■ \ ■
•: ' BsSL^ JL ” . ' - ' ■:' -  ■  ^  ^ ’ ■’ V 1 " '
' ■ ! la  th o  oaoo of alloy '**&% Fiyaro 00 cIxot iluo  tho as***,'
cyrxxfxd hsttttaccj;..* do Bot oorrocoosd with those p r a v io m ly  '' - - • ! '
dotoirsinod* iMXe the torpcratl Ira'i'ozsaa are oonoiotoafly less ’
t l m  tho oil^quomhod alloy fn rlrasc .s*  • Ehridoneo of-tonporlas",
o ■ ■'i s  ehosm %  a.clarboain^' in  stm otaro art 400. G* . ■• 1 a
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"' : . m,0?r nga» ' 1
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Jltjlsll
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tmr^Gred as sispsa*
Bt©!s©d Fenrlo Chloride*
W m W M w
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a »  o . , ,Alloy "I" . 050 0 Watw-3wenohetl arfi
as slmm#
Steliad FarH e Chloride,
80 niii* a t 4Q0°0
40 sain* a t 5<x/V
r is in g  a m m  of. as tilsom, in i i j i a o  ?0* ead •>. .*. »
iM.0 is- g rea te r hliaa 'Mint |w elcm cly  d©tomi*,sd* x X layering i s
^thie Instaxsc cxtcs' l i t t l e  e lg o ifio o s t ©iffccasv-S ia .th o  
/ . \
^ 'vd ix . sea © r t r l r c d *  ••., t & t & m m  o f  h c i n i p - © ^  I n g  i s  z a t  wisIKle In ' , - .
the KlsrostrBotzzro vasfcll' p00Q0 la  .a ttain ts*  ;•
' ■***•:■'' i  : . t :F ;'.r ., ■:w::v.':■:■:= / t o o t a
: h : Tbo c^qacnolxd XmtOmmm • fo r  th i s  ‘a llo y  e te r  -a "pock* ,
©ODpared with. the. prcnrioacly i s u c r s im i  s t rn ls u t  XXaollSX&ur© 85) # ,
fbo tcajporlis,£ oBraos. ®!1 show th© asr© ta s lh  shape# opaln the ' : .
i^ tesxd l& t® .-q im ehias, t e p e m ts i r t  • (SpO^t) -gfcre® . i t s  g re a te s t A  ■ -
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, o
JS)QQ 0* thorgh iiKsreaaod t i s s s  no to  CO sdmatos e ra  *v£dred  to  ' 0
gir© the pcah hartlnoss* - With others# 5 rir. dee was ehf f ie  le n t. -
' ' ■ : ‘
Tho higher CriTiag foro©: o f  the  h igher aiord xicn ecat&afe’ ©f .th is  
■alloy |?resifim .y givea r i s e  to  th e  'ta p e re d  struehT C  shown in  / , 
..I:!j;wc, S7jp wMeh %p ■ d if fe re n t  f ,w i th e  rmsoMdaa* ■ 0/ '
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HARDNESS AFTER QUENCHING M B  TEMPERING- OP ALLOYS *S * AN
TEMPERING
TEMPERATURE
ALLOY
QUENCH PROM 
10QQ°C.
AS-QUENCHED
HARDNESS.
TEMPERED 
5 MINS.
TEMPERED 
10 MINS•
TEMPERED 
20 MINS.
TEMPERED 
40 MINS.
STRUCTURE.
550°C .
•S*
WATER
( 1)
275
269
258
eL + 'tf' 2
(2 )
258
506
278
276
ok y&y
* 0 *
WATER
0*
OIL
( 1 )
264
251
(2 )
263
289
279
285
dL+y;
( i )
310
253
251
(2 )
305
281
275
281
IS*
WATER
( 1 )
263
oL +Vb
335
314
cL
( 2 )
253
350
352
358
(1 ) and (2 ) denote s e p a ra te  specim ens.
X I X  a
sc^ OO
1 ^ .1 0 2  Alloy "0” . 1000°0
•*— Tmsg®rG& 40 sain* afc^g^ <**
Inched Ferric Ch!ori&©«
2X5 s£5°°
F i f - g o i  A l lo y  nx 5?# XOOO°G Viator-  ^ 0
QueHohcd, 20 mio* 600 0 U
Ottthed F erric  Olilcr M©*
-As noted e a r l ie r ,  teqporlng was' ca rried  out fo r to ta l  :: 
•..times o f 5#. 3P* 20^ 40 and 80 miautoo^ la  sosno Instances quit© ;
marked changes- in hardness were observed with the varying tempering 
0 vtimQ* and a selection 'o f  typical resu lts  are shorn, .la'' Figaro lOp* ' 4
■ ' ■ :■ ; ■ . ■: i „. ■ ■ ■ ,.- :
4 - A thorough survey lias bom  undertaken 1b liable 27 * in tMoh tho :
*•; t in e s  to  roach pools hardness a t  pOO ** £0G°C have boon- included*
T encoring a t 40 and 00 minutes m s mot carried out o n  a l l  ' : 
specimens and* i ih C T o io rO g ''tiko ro  there is  aa indication that 
hardness changes wore s t i l l  taking place*-20* indicates • th a t f  
further increase in  hardness could bo enpoebod* A dash indicates 
tha t bo ftoning sots in  instantly* as determined a fte r 5 minutes. '; 
heating* though i t  is  possible that a peak hardness m s attained 
&f bobo shorter time*.
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FIGURE 103.  E ffect o f time on tempering.
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'■ . For ftl¥>eo trealioonuS^ olsrip spoo toaa  tm n  d if fe re n t  ‘ •’
a l i a s ' t w o  batahed' ancl plaaed. on !iook% wmially s in  a t  a-ftlsno, •»
A fter pro-hoating a t  tho Goslrod .toGpomto*©^' aortm ily  fo r  -'JP ; N
ralBBuGs  ^ 'tli© spQoiniono wore tran s fe rred  - to  the  s a l t  'ba th*". in  tn iio li.
\ . * ’ •. 
i t  » 3  ©bcorvod -that the  epooisoona a tta in e d ' Lath ftc&poraftiir©'. •''/'■ ■
w ith in 1-;? ■•«* 4, toeondo* :■ Eorsaolly > tho-; sa lt-  bath* ©no© so t in  A 1 . '
i x ,; / i t' ,r*o* Old Ou wary noro t e n  1^0§ -A te? la te d n e t io n  o f  ■ -
©mo on too Latolios Ofopooinoao on sing le  IsDOka did  not eauoo \ AA-
any a lte ra t io n  in  tcm-perotnrQ aod only x^itli the la rs© : sp ider end • •
m serono specimens tmo a  tem perature ' drop o f obsoinredj so th a t
sing le  hoolra were' sosnmlly nsscU A a/ ■' ■ ■ "•" ■ '
, - -A ; Aiten liardneeo te s ta  hod boon ca rried  croft on oooli . 1 , A A
spooSmonc^;;oaoli was m icroscopically ' esesaiaocV ' ■ ■ - A. ' .
fo ^ n lq i io, o f  Inmostirn^ lo n ^ . - / .'
I n i t i a l l y  ftlio oi * f / p  botnclany ■sms ta b m  as. the “basis 
■ fo r p re te x tin g *  ' The spec “a n o  clTOod primary «<■ la  ftljo oaoo o f 
the p la in  oltaioinim byomsosjf end l i t t l e  apparent troasform tios*  
fo r  the  oonplon te n s e s *  ?!i© p ^ h e a tlm g  tcmiperataros wer©-' 
g r t e a l l y  raicod^ y t e  ©vateoJjly X000°0 trcia adopted as tho Btcadord* 
end the  h ighest p rac ticab le  to n s o ra te o  fo r  mst alloys* .• X*or"••__• . -t 
a lloys **U*-aod th is  tCBApdmteo was necessary to"onsuro freedom
Ibon • <* n th t lo  for th e  eoqolo:s bronsop i t  tr ° u  Vj ffPo above. • '
t
UiQ ganoroX lev e l of. tho 04 * j* /f  b0t$3dasy# 
l5otallo — » s io Toolmiqne* •,' ■ .
<rfi<ftiTflgr7fgn rfirrjp • • t«—ia ^ra);.ffs*--tt£. Jtatrffiiy.ni-g4rt!i\y  tvzaam&sre*i• w rry r tlacgff rgfta s r
Ttx) cane teeliaiqeo v;as 'used as prowioosly  noted fo r t t e  . 
quooohod, ctid qtionolaod ord tendered alloys* Sliuc, ^ o llm in a ry  ' ' '  
©staniaalioa a f te r  ©tolling Isi IQfo a n s a i m  persulphate vms ' followed 
by etching in 'f e r r i e  ch loride*"' iteon itsa  pens'olpliabo “m s found 
e s s e n t i a l . to  cletoob tho f i r s t  signs. o f tra p  looo lla^  o r gnonalcev' 
©ubootoid* tedoh suhooquo&b ehoMng in  f  o rrio  ch lo ride  ofbea 
o b lite ra te d * " The Xattos* otoh tras*" tem voste essen tia l*  since i t  . : 
eoraotimoo revealed outootoid no t previously  detected* ' E loo tro ly tlo  
chronic mid# as ©nployod by o t te r  m rte rG j tma also tisocl on .those-", 
a lloys tsMeh n ig h t t e  onpootod to  chon (S,# but "in no oosos m s  
th is  doteotod* ib is  ©boh gov© s te lla te  rooteba t te e m m im  :/’ '. 
ponsnlpheto^ ,
'■ ' Considerable roviteca o f ,tho ebaonvod o truc tu rca  had to  
bo tm ’Grbteoa on several 'occasions' to obtain a ootenont#' overall 
p ic tu re  of t te  progress’ o f  trcmaternteiom in  those 'alloys* ;la 
a l l  oasoo the doublo ©tolling tooteicaio m s ©ssontlaX* coupled m tli 
©boorrabh n eh f i r s t  lens end then high pn * m  to obtain, p o sitiv e  - 
idGte i f  1g chics* ’ ' ' . ■ .
.Icothom al Tgcmsftoraa tio n  o f P la in Bjpnsos^  ... . 1
,. .fXXoy wl w t e l l  f i r s t  bo ta tea  oimote th is .t e c  tho hlgteabi 
e lm  oontoat o f  th is  ser ie s  (ill 11*2i) and i s  the noaroeh to  ''
■ .. : . , , . to$:
a llo y s  elxcauy tevcc bigoted by o th er taorkers ( t l  11*4/2)*'' Pro*
ohooting to  7QQP0 gave- p riao ry  <x in  covers! km%amoQ$ te d lo  , , 
Iioahing to  000% ©poured i n i t i a l  freedom irm c* * . . Pre**greoipitcvbioa
- ■' ‘ , ■ i
o f °* then to  oh place- before a  laa o lla y  .©ntootoid 'forced* v as tftm* 
in te lg m o  104* • ■ t i g f \
• ’ Tho e ffe c t  o f  inoronr,te torncrab go o f  prcvlioating on,:. ..j..]
J .....1 . ■. ■ : >  ‘ - i , ■ ■ ■: • ■ ■ . ■ • : ■ 1 :.
-■• : . . . .  . r . :■ ...    '■ -■ ■, ' ' '■ . -: ‘ .
the. progrocD o f  hrm isfxxm ticn. a« gOO Q i s  to  epood tig i )
; traasform at 1ob$ as dhmm in  Figaros 104 a J  10g*# fM a i o
! V -■'■■ CO- ■•■“ : [ ... : - "j t
con tra ry  o c co■> tensions o f  lack* t" o f j  o f  th a t  pre«*hoat j  g ;
. tem peratures up ;%o '$fp°Q above tho «*■ ^ ft/(S . : bonmlapy .did n o t ;.. (. •. .'. .
a f fe c t  tho 'progroso o f  frenafos’mation,, ' : fiio f in a l  cbrnoharoa
Figaro 106^ i s  th a t  re fe rre d  to  in  th i s  p a rt o f tho tjorh on ^overa ll”
clileo i t  vas d is s im ila r ' to  .tho s tru c tu re s  developed by a  fmnoo©^ 
cooling before ioathernoX, tronsforssatlon as d esc rib ed .la te r*  a n d . h
' ‘ i
V - » ' . • ' • ■ ■ ; - ' ■  ' . ' '
in :th o  vorlc on o ther alloys* fu rth e r  traaoform dtloae toko plane* ■ ; , 
ate— '■■ ■ f in  changes - in  s tru c tu re  ore accornaiiod !y  a progressive' 
hardening,* The hardnocoos range from those o f  the  a lloys 
troncforpod fo r  short t te o s  only* tM eh  Dorroapond in  IianJnoos ■ . 
end s tru c tu re  to  th e  a llo y  tmter**quomhod only*■ to-'tho fu l ly  ■' 
transfom od alloy* %tiioh eorrospondo in  hardness to  th e  fu lly  " 
annealed o r fymasoKsoole'd alloy* • ’ ' :
. - a lemoning ; tho almoiniisa content o f . th e  a llo y  (a llo y  Phn)
(AX 10**7^)* gives a  s t e l l a r  cot o f changes'm in  a llo y  l?2% as 
sliovn in  Figaros 109 r „d 110* t.-gostep v l th  ckangos in  s tru c tu re .., 
re fe rred  to  in  tho  firo te fo m o d  lu p o lla r  s tru c tu re  o f increasing  ;
. . . .  1,00 «** - , a. . ’ .
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FIGURE 104o structure and Hardness after Isothermal
Transformation of Alloy WIW«
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FIGURE 109, Structure and Hardness after Isothermal
Transformation of Alloy
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FIGURE 110* Structure and Hardness after Isothermal
Transformation of Alloy "H*.
o o 0 0o o O 00 o 0 oo o O o<x ro in o
areas o f  & o~iu vltisub©  troaofarw atioa to  tm ©*• + winfuro# 
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I s  m t'form ed ©r tho speed o f t e m a f o r s t io n  l o  so groat' their- 
• of •» « ^ p ita to o . alioost iaatcsatsaooasly fro a  p %:' feeding tho '
ssquonoo o f hardness chcmgm a t  £0 ^0 i t  w ill  Ixreeoa th a t  th e  ’ .
I n i t i a l  hardness lo  s lm la r  to  tho one© a llo y  as mvter^qtioaoboi .
: ffrqti 10Q0°Q and th a t  thotiardnoaa dooroaooa t£ m  cu to e to ida l " ■ 
tro a s fo ra a tio a  tabes place# sad then inoroasoa again to  a  fign ro  
.whioh i s  harder than th e  annealed alloy# ' At JpQ°0 icotliorBoX .
. transform ation  toqporatur©# tho to roas©  l a  pro*hoating , 
ta^era tta r©  fro a  COQ -O to  1000"v  appoare to  ta?0 l i t t l e  ©ffoot 
oa th© ra te  o f trsasfO rm ctioa^ . 7 . "•■, ■ '.
h ra  ' £ho s h i l l  lower uleennina content o f a llo y  f?0fS (A1 10*3^)
. again does not alien? a  par© j  5 to  ho retained# tM Io# as elxrcm in  -
i,
Figure 111# no la n o lla r  ©utoctold m s  detected# 'hut i t  .Is..;
:possible, th a t  su ff io io n t sonpleo wore no t ©xsixiinod# f ro a s fo m itio a  
appears to  proceed• by.growth o f  oi croao,aa noted earlie r# , fix© 
hcrchioss of a lloys ■ traasfbrDod up to  10 sooondo a t  430°0 «* ^pQQ .. 
i s  r a b s to a t id ly  = lottos* th m  th e  correspond lag  mvter^qucnohed alloy# • 
: said' i t  i s  o niy cfc 4 0 0 ^  th a t  iiiCroased liasdnoss l o . obtairod# Inst 
. hh ia  la  a t  i l l  snah lower than trnh cup acted# 1#©*#" ' • ■
, ■, ' 2 eooonda a t  4£3’‘f# V«P*b« 223 ' '..
1000°0 ^hruor^uonolpr n' ; 2p6
■ Slsdlos* xemnrhe .also apply to  tho- • lowest olusinitEa content
T
E
M
P
E
R
A
T
U
R
E
 
—
- 
D
E
G
R
E
E
S 
C
E
N
T
O 4 + t
□ vr
* <* *Yv
156.5 50
55 O
4 5 0
tn
J o W j i
%1— J i
5 0 0
rz
4 5  0
4  OO
O O OOO O O o0 0 0 ooo o oo
T I M E  H E L D  I N C O N S T A N T  T E M P E R A T U R E  B A T H  
P R O M  S T A R T  O F  Q U E N C H  —  S E C O N D S
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FIGURE 116. Structure and Hardness after Isothermal
Transformation of Alloy K #
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FIGURE 117* Structure and Hardness after Isothermal
Transformation of Alloy ,!L"#
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FIGURE 118. Structure and Hardness after Isothermal
Transformation of Alloy "P”,
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FIGURE 119* Structure and Hardness after Isothermal
Transformation of Alloy WX”.
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FIGURE 120. Structure and Hardness after Isothermal
Transformation of Alloy "H"*
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FIGURE 121. Structure and Hardness after Isothermal
Transformation of Alloy nSH#
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■this uorh ore capable o f  tra n s fe rr in g  to  fom a Xomollar o r  g ranular'
i outootoid a t  gOG?C* I 7 *s occurs only fo r a lloys i a  \ Xuh <4 • 1ms
v * ■ •. «* 3,09 *•'
o0oa p rec ip ita te d  * be lead ing  a  ssa tris  onrlohed in  al'csainlutj*:
Shis e iw s  g rea te r speed o f trcm af^qatlo ti*  possib ly  due to  th e  - ■
•increased d iffU sioa  ooo ffio ioa t o f a lloys o f Mphor ©looiBito ■ '
105 ■ ;
content* £5 p red ic ted  tlio t trcmsfoiT&tion -Tsoald oosmr e a r l ie r  
booaaoo o f  p re c ip ita tio n  o f  pS’o^outootoMp*. f l i s  io  m% t a ^ o r *
barm ou t in  th e  p resen t work*. . • ' ; ‘ ' " , - ,.
2!3s fu r th e r  eEperlaGia&d o o n fim  th a t  a  XanoXlar oateoto id
only forco fit and above the  m oo o f  th e  e u r a v  Alee* e ia se  30
1 : ■ ■ ' ■ ■’ ■.■■■' ■. ■- 0  . ■ ■
lanolios* transform ation. ooom® a t  £00 « ci2p 0 1a  the  alloyed bronze®
in straightforw ard  iao tihcrm l .trcuefom atlon* au j a  «. •»
nom a! isotherm al tre n s fo rm iio n  does s o t  tabo place* It i s * 'o f  ",
, com*oe# possib le  th a t  a  lo n e l ie r  .s tra o te re  io  i n o b l  over a  narrow, ■
range o f  t in o  and since i t  i s  inheren tly  cm unstable  ©tractive* %
depGtipQeos in to  the  * ^ 2  s t ru c tu re ' observed* . ,
Considering t i e  p la in  ©lloye* i t  i s i l l  hmo L0 0  evident
th a t  a  lo n e lie r  outoctoid ©aXy forncd la. a llo y  *%* {AX 11*2$) and .
' i s  a llo y  •H* (ill ! 0#7$ #: flia t 10*4^ almaininia and below should ■'•
no t tro a sfo rn  in  bMe mrsrm i s  no t surprising* for KHor and
. : . 0? ■ ...v . \ , ' 106 , ....
Grysto did  no t enpeob i t  below 10* ^  s ^ u n in ta * ' ’' Ileyres* however# 
-showed a  nosm l transformed e tr t  «.o fb r .e n 'a l lc y  co^bolHng ■
11*41 cXtseininss# 00 t h a t  the  p o sitio n  I s  c r i t i c a l  between t®*7% 
a ln a in im  and 11*4^ aianiaioo* ■ Keynes1 carve (Figure 16b*
Chapter 4 )  i s  o f  the  sqdg order as the- p resent work (Figaro 10£)* 
except. th a t th e re  la  th e  ononaly in  the  sequence o f  ^ * l c v
, e a tee to id  ra th e r  tlioa 04 4» f d ire c tly  leading in to  trasofcreeM on /
** H P w» '
i n  the present work* f; T o o  v a r i a t i o n  in  pro-dmblng' .te^oraturO 
' - * ' 
nokos l i t t l e  Gilforanoo* as t o  !a Figaros 104 end. 103 (harms
used .900%)-# ' '*ho s4csaSni2sg Giffsroneos cro as follows* neither
o f  tM oh  should cm oo d iffe ren ces  t«* ■■ -0 ' - i
FMotneoo o f  Gpooteon*.- ToVj r©_\ I  ... - ■•
frmoitemQhion. fohli*
Haynes ' - 0*107^ . * - Load .
Present Berk . l b  ■ O0Q(Dn • S a lt
. ' ' ' The f in a l  s tru c tu re s  obtained i a  tlio p resen t work are#1 
t j  ^ e r# d if fe re n t frosi those obtained" by Haynes* 0 ^  prosum bly ;. 
tneso  d i f f e r  cocoa cnob bo ©speoted* ju s t  m vm%oum workers !w q  ■; 
o i omod d if fe re n t  in te rp re ta tio n s ' fo r the  ©uteotoid alloys* ' ,1
0m fu rth e r  po in t i s  th a t  Figure 17 (Chapter 4) shows'the
v a ria tio n  in  to rno ratu ro  in  the  /*«»a1 oimr®' w ith  e lu n in lm  content#
. • ' ■ 46 1 , - ,
BoforoBse to-GronlBgor^s survey^ and to  Figaro 17# / chows' th a t  in
■!■*"'  ' ' ■ ' ■ ' ■ ■ ■  
ac tu a l fa c t the  curve ■ fo r  o lum lsim  contents o f  10. «** 11$ io  s o t  ■
'tro ll ^substantiated end th a t  i t  "is p laced-a t approxim boly’ 400 m - :
£00^0 fo r th e  oXnnisiim contents now under- discussion# Sims*, i t
is '.p o ss ib le  t h a t  iso th o rn a l trendfosm tiom  i s  being in te rfe re d
w ith  by the  Incidence o f 'th e  4 ^  -point* though a llo y  .*9P11 has tm
alun in iua con ten t o f  11*31/2 and shows s i a i l a r  tren sfasm b lo n  -
c h a ra c te r is t ic s  to  the  raaaindor o f  -the alloys* . 1 
■ -: .107 -  ^ ■:■
. Easborg end Hack shoved th a t  fo r an a llo y  containing
AX 12* 3n# 'F.o f would . esdsb fm.eom tirao 'during io o th e rsa l
transform ation  before was p rec ip ita ted*  - Xb io, thought poeoiblo
th a t ' ^ 1 clone way e rls t* . hut a f te r  only 2 seconds' transform ation
f  gowM  T>o Id en tif ied ' w ith  considerable d if f ic u lty * . . This- 
app lies to- a l l  a lloys ©soopt a llo y  "O^-tAX 10*824)# wtiloh by m  . 
m a m 'h a s  th e ’h ighest a tm ia i in  content o f  the scries# .©#g»*'
Olloy V ? ** A1 11*2X4* Tho . proocSQoa' o f  pro^cmtoobQid <* i s  
therefor©  apparently  .eonam tod w ith  eeoiing r a te  and -00050s i t io a * , 
m3 p a rticu la rly ; w ith aluBininn content* viiioti m e t  obviously 
bo:above 11*3X4. to  ■ give cubeotoidaX decomposition*
, 106. 4  \  - 2 ; ■ -
1 / ■ Baynes in  lim m M gotins the  o ff00b. o f  miokol hypo-
GutGotoid alloys* showed th a t  i t  made l i t t l e  d ifference  to  the'
shop© o f th e  curve*.. ho photo-^dorographs wore shorn# but i t  i s  1 
im p lic it  l a  the  tomb th a t-s im ila r  s tru c tu re s  a re  obtained* ' tn 
th e  p resen t work no met s i i s i la r i ty  ©sdsbs# although very  sim ilar 
a lloys 00a  be oosparod# ■ ,
.4.; 4  - .. ■- ; - -1 1 *;" 1 1 * ’ p©* \, -*7 ef ' C' f -1. '- /■> , / ’j /a
Haynes ■' -«*- Alloy 3 , - lP f £4 £#03 1 j
: 4  Present vqrlo* ! * 1 , , k ., 10f£2 2*83 1 0*10
Thus 4  -» p resen t w ork-is again a t  variance  w ith  th a t  :.. 
o f XIoysos# in  th a t  mtoatoid fo rm  I ion i s ‘no t observed and a  
completely d if fe re n t typo o f  s tru c tu re  ’ la  observed viixm '
transform ation  f in a l ly  ooours# prosinahly  due to  ageing or 
te ry o riag  by on Isothorn nl ©eohonior^- ' k
»  112 *• x
■ " ■ ■ ' ■ : mmm u ;  • "■ -
'-■; ■" • t - ? OF M^ OYH 13 T ^  "* ' ' ■ ■
Is tra jjao tlo r^ ’ \ ' >
To .e©splet© th is  work* c e r ta in  a llo y s tch*o se lec ted ' 1 
fo r hoat^treatoent.* Iho h m t^ tro cw v  a to re  ©hggea w ith  th e  
following objectives la  rxLnd $«*
(a) to  nearer©. th e  h ighest possib le  u-~  ^•!©
pro p erties  obtainable* ’ " 1 y  -,
. Sh© h ighest p o ss ib le . tonsil©  p ro p erties  m y  . 
ao t bo developed*., a s t isv s te e ls# n a lo s a  th e re  
i s  s u f f ic ie n t  d u c t i l i ty  to  allow th is  to ' bo 
attained# ; - -
■ ;(l>) To compare the  nookanical proportion o f - 
• ' loo thernally ' transforrxki spealnens m tl i  the  .
qu©nohed end tonporod alleys#  ■ ..
■. . The’ tonpartrg tenporaturo t o  chosen to/give • ' ■
y th e  son© hardness as obtained ,©a ©pooir e 'a ;
Iso b h erm lly  tre a te d  to  ©oqplotioa* , '
- ' X& th e  work eo fcrf only 0f0 ^ ff th ic k  epooiaeas had boon'
h©at*»treat©d* , \  A© described e a r l ie r  (CE «“>«*** 6) the  tf* fiicneter. ■
h a m  had boon hoWoXXed down to  a  square section; o f  eppswiaab©Xy;.
0a2OO% w ith  tho is te n tio n  o f  m ohln lag  ionoonotor toau pieces
/
from hoat-troatod Masks# I t  was# tlieroibroj fo lt  t'iib some ' 
preX i-l cry, work should to  carried .'ou t to  nake sure t r e t  * ~3
cross, sec tion  was capable o f harden ing '• tl^rougliout*
Jon^ay Testa^'
Testa using su b s tan d ard  doainy t e s t  bars wore f i r s t .
soleoted as' a  lo g ic a l approach to  th is  problem*
As fa r  as possib le  th e  A#8*T*SI# standard A2fpp«40T on
tm rdonabllity  was followed# A spoolme% as ulmkx in  Figure 131#
was turned from the ro lled , bar* In  nearly  ©very case i t  was
possib le  to  obtain, a  0#2pDn diam eter bar w ithout re s id u a l f l a t s .
A book was put through the  hole a t  the ©ad o f the spooisnon to
suspend i t  In the  furnace* •
"The - apparatus' shown la  Figure 132 was eonetruotod''f o r •-■ ■
th e  -quenching* The jo t  m s  made from %/\6n. copper tube* bored .
out to  l / h ” in sid e  diam eter a lo n g -its  whole length* . The
d istance  from jo t  to  end o f  specimen w as''carefu lly  adjusted to- •.
|-n end before each run the ac tu a l specimen to  be quenched was
7 ' 
placed la  th e  j ig ' and adjusted to  ensure a oonoentrlo umbrella
©f water* A 10ft* head o f w ater m s  used# the  only source ’
available# 'which gave an u n re s tric te d  j e t  approximately s j "  - .
high# compared w ith  the  Qn suggested by the. A.S.T.H* standard* • •
A fte r heating  a t  1#000°C fo r 3® tain* the  dosiny
opooimen m o  quickly tran s fe rred  to  th© dry j ig  and 'the  water
■instantly turned on# Even w ith  the  jig . c a re fu lly  adjusted  fo r
each ind iv idual specimen, some bad quenches wore obtained#
This 'was duo. e ith e r  to  th e  specimen being 0#00Xn overoisc# which
caused s tick in g  when try in g  to  in s e r t  tb© specimen in to ’ th e  jig#
= ■**' XX4 m ' > ■- . < , \
• ■■■/ ' • ■■■ /■ • . ' -  ■• ■ ■ • - I ■ • '  • . ■ ■ . . ■ ■ -  . . .  ■:*■>■■ • ■ ..   h -  . • •■ A,..,\. >• , • .. .. -. v r;
2#
0#250
ElOaML# Opooisaoa fo r  J qoIe^  Tost*
£20/54
Apparatus fo r  
QuoachiBg oov&ny Tost 
Spoo immBt la  aotloa*
©r to &'sligh t sslsaXiganont vteioli esaaod water to  shoot up ©bo
/  , •
. Sid© o f the ©QTi ; . : '■ ' -
. i t  eonieaX-'em on'the epeoteen, as Shorn la  tlite v : ' v, - 
A#S*T*!V- ste^04’&#>^ul& -toye ©nssrod positive' location 'in  tba po 
• jig* t  ■ Saoh individual ta s t  w  either aodepted ©r rojootod - a 
’aooorelisg to ©oeef^afcl©B0 ' eaxlo dartnf r $ /  * r*9  ^ is-eovorai
oases the te s ts  wot*© repeated' te> or-, three-tls&s# v i hardness''
: dotcsr-iaation^ being ©arrio&.ayt ©m each oooasiai ©3 a snail \  / '
' f l a t  before t!:»o bar %ms :f in a lly  aooeptod and ground* dom» At -,. 
'first# ttxo general'-fora o f  the- dosrdny .tost ©srros was ••thought. to  . - 
bo ■ abnorml# while alloy which slaowod air*<nrd:nlrg 
choraoteristSos# was' d if f ic u lt  to  ’tmdorstessd,. .V'oa^ tCLts
. trere also run whai the tin© o f t r t -  f  r * * til© Jig. m s parfciottl^ly
■: ■' . I3f
ioag# t!iongh Galley end Sk^vi ''k ** o *. * th a t .tXo Bos^al den lay 
to o t ’w ill 'to lera te a delay o f 7  fteoou&s* fyrtbsr,* the Joist. -
' ' ' 9  'work ia  tho Syr po llen  on' ZTordesg&lllty X>h% shewed ite a irory ' 
wid© l i n i t s  eouM ' b e ' to le ra te d  I s  the  lied J'b © f ^ o j h r x i  above , : '
the jot# ' e r l f io e  dimeter# ' and 'the free 7 ~ t o f  water* so that •••• 
although the latter did sat ecfcif&wa to standard 'prooedure iter . a
sub^stoplc.rd i* * r opcairon-s* tke: results esa bo tslces as 
, eo rm rtt • 7 ■ ~
• ( - Observation o f  the bra? m  i t  wm cjucraokod sl^ ’ o*1 a 
■.very rap id  blackening reread i s  j  so  frora tlio qitonching csid# I s  
sono cages observations were ;rfo of •Uie tino fo r the reset© ©ad, ;t
to- 1 bl&ok beat# rk ic h  c. ' parable w ith  th e  tin© fo r an
. . air^ooelM  s tr ip  sp o c im i t o : a t ta in  bluet; heat {% Bdrute)# .: .'. 
raoalcoooaoo m s  noted* ' ■
iVoliox-iruy hmflaesQ t e s t s  tw ©  carried  out on a  narrow 
f l a t ,  polio!'od .on .the side o f  the  bar and i f  .these r e s u l ts  appeared 
, ■>■ eojisiblo* the  bar trns f i le d  'down to  g iro  a f l a t  up, rornteplmty 0#060** 
„ below the surface* ; Sardaess d^lom ln  o l ; :  a wore t> x i :.rCo#
p a r t ic u la r ly  a t  th e  queuahed ©rd* w ith ero-ss^obooba on tlio ac tu a l •
. • |  quenched end o f  ; th e  speo3se&ae . , ; , 1 ' .'
,, |  i : ' Tm r e s u l ts  are chom g raph ica lly  I n  Figure '133 -1 4 1 *  • ., '
txQ a e s ic t  in  onplaising  the  £bna o f the  eurd'os# four ©f' th e  
J J o r i r y  boro wora o lib  lo n g itu iin a lly  fo r a distune©■o f  0#2*»0*pE?
| fton.-'&a queaaked cool# mid a  *,*-*-3 tm$ tmgisrod mb th e  te ^ a ra tu r© •'
  .-. - ' . ' .
I © stioated from bli© x:ovlz on th a  -tep erln g . o f  thee© a llo y s .to> ir©  ' 
ptho luorhxui hnrdaoas- to  the  alloy#. \*£lm rcmuXba o f  b ids work 
~fer© included on the  appropria te  grupl^ p
: The Joodry. t e s t  bars were then a l l  sectioned fo r
; 1 \ 'r ■ ' • -
' ' laioroscopieal ohoor^rtion# th e  t  „ - 1 section  being replaced %n ■■c / ■’ ‘ \
j th e  bar tot th is  purpose* fo r  d ire c t  .eosgarlsou* • • She obso:rmbiOBS 
on., the  s tru c tu re s  a re  given in  fsbl© JO# . . .. , ' f  , -
^Discussion o f  Joniny f a s t  Ry©suits, ' ;
■ g b. . The i n i t i a l  p a rt o f  tW  Jen lsy  t e s t  curves# in  Figures.
■-. . ' . ' ', * 1 ■ i . ■ ■ . . . .  ^
!133 •* 141* e ta ra -a  hardness increase fpoa the  quenohod end to  a
/ voclz a t  a  d istance  o f  0#1 •* C#£f' in  120s t  eases#' and l a  others'
r 7 ’ '0*4 «* G*.6W- from the  end*'! .T hereafter th e  curve f e l l '  esmy rap id ly ,
esoopt In one or > two instances* . '
FIGURE 133. Jominy Curve fo r  a llo y  ”Un
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FIGURE 134. Jominy Curve for alloy "Gn.
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FIGURE 135. Jominy Curve for alloy "K"
FIGURE 1J6* Jominy Curve for a llo y  "L"
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FIGURE 137# Jominy Curve for alloy "P"
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FIGURE 138* Jominy Curve for alloy "X"
FIGURE 139* Jomiay Curve for a llo y  "K"#
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Jominy Curve for alloy "S"FIGURE 140,
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FIGURE 141* Jomlxsy Cwv# for "0",
t a b l e  29 .  *. . .
m  DATA M i l ) '  RESULTS OF JO&INY TESTS.
ALLOY
Q m n o m m  da t a
Time, t o  
tran sfe r ... 
t o  j i g .
S e c o n d s .
0 7
u 5 7
Q 9
& -
K? -
X 7
p y 5
X
X?
E ;• 8
i P - ' 8
S 8
0 2
l im e  t o  
c o o l  t o fold o f  
b la c k  h e a t . I fo s in y  
S e c o n d s . I
Maximum
h a rd n e s s  o f  
w a te r  
quenched  
a llo y s* 1*
25
50
50
32
36
r _  
I 268  
I
i 279 
I
I 225
j 2 4 ?
I 252
I 275
| 299
I 290
| 395  
I
I 230
I
I 310
I 264  
I
I 265
 T
I 264 -  276 I
I
i
259 -  275 |
215 -  230  I
273 -  304  
299 -  314  
508 -  526
268 -  285
265 -  285  
270 -  278
'IlAKDIiESS -  V.P.N*
w w aaw-ffln ju>»'Lsmvamaea
iT S a k  .
I h a rd n e s s  I h a rd n e s s  
I on Jominy! fro m  w a te r  
I T e s t .  I quenched  & 
I . 1  tem p ere d
I I a l l o y s 2
272
30?
258
265
275
376
383
278
409
326
315
329
341
295
313
355
409
425
427
333
380
360
I . B .  A l l  sp e c im e n s  quenched  a f t e r  30 m in u te s  a t  1000°C . - 1  
^ fro m  C h a p te r  8 .
2fro m  C h a p te r  9*
^Tem pered r e s u l t s i  TS -  300°C . ,  30 m in u te s .
K, X , n  -  400°C .»  20 m in u te s
ELCCR0—STRUCTURES OF JOMXHY TEST BARS
ALLOY
R
VISUAL
L ig h t  e t c h in g  fro m  q u en ch ed  end  t o  
0*2" t th e n  s l i g h t  .g ra in  r e f in e m e n t ,
2 g r a i n s  t o  w id th  o f  b a r ,  no  g r a i n  
r e f in e m e n t*
L ig h t  e t c h in g  f o r  0 .2 ” .  V ery  l a r g e  
g r a i n  s i z e , 2 t o  -w idth o f  b a r  (5  mm),
some 3 .5  mm• a c r e s s  * i-Io r e f in e z a e n t  •
L arge  g r a i n  s i z e ,  2 t o  w id th  o f  b a r .  
L ig h t  e t c h in g  f o r  0 *15” > th e n  1 g r a i n  
1 mm. x 10 mm. l o n g .  S l i g h t  r e f i n e ­
m ent o f  g r a i n  a t  0 . 5 ”
L ig h t  e t c h in g  f o r  0*45” » g r a i n  th e n  
becam e m arked* G ra in  r e f in e m e n t  
beyond  0*95” (f ro m  0*75 - ' 2  mm. down 
t o  1*5 mm* maximum, a v e ra g e  1 mm*)*
L ig h t  e tc h in g  f o r  0 .1 2 " *  V ery l a r g e  
g r a i n  s i z e ,  one a c r o s s  w id th  o f  b a r  
.(5 * 5  m m .). .G r a in  r e f in e m e n t  a t  0 * 8 ” 
t o  2 mm*"
L ig h t  e tc h in g  f o r  0*211.  L arge  g r a i n  
s i z e ,  2 - 3  a c r o s s  w id th  o f  b a r .
Ed j g r a i n ..r e f in e ia e n t  *
S Ho mark©d e t r u e t u r e  • Large, g r a i n  s i z e  
(2  a c r o s s  w id th  o f  b a r ) .
Ho r e f i n e m e n t .
0 L ig h t  e t c h i n g  f o r  0 * 3 ” .  ’ G ra in  s i z e  
1 -  1*5 mm. no  r e f i n e m e n t .  M arked 
g r a i n s  beyond  0*6" •
MICRGSC(
A c ic u la r  fV  ( t y p e )  f o r  f i r t 
g r a i n  b o u n d a r ie s ,  
s e t s  in * u i t t l e
a n d ' a i r - c o i  
change  i n  j
G ra in  b o u n d a r ie s  and  shadowy 
0*6**. At .0*8” s t r u c t u r e  apj
p e r s i s t i n g  t o  end o f  b a r ,  i
M arked a c i c u l a r  ? * up t o  0 .1 s 
W idm anstatten  a t  0 .3 ” , d e1
Tem pereds s l i g h t l y  d e e p e r  co~
.*enn ...tfA gbcaw  i r -  r  M~im— n—~rm-.ni m  mnniMii .■nun.
on s u r f a c e  o f  b a r  f o r  0.35* 
A c ic u la r  P* f o r  0 .1 ” , th e n  t v  
a p p e a rs  a t  g r a i n  b o u n d a r i e s ,  
t h e n  ' i n t  o & * + a t  0*6 5 ”
*Haa*BU8iV3Ka»> mi
A c ic u la r  £ * f o r  0 .1 5 ” , th e n  i 
i n  g r a i n  b o u n d a r ie s  a t .  0,
A c ic u la r  f  f a t  end  o n ly ,  f o r  
b o u n d a r ie s  s t a r t  a t  0 .2 5 ” , t l  
c o in c id in g  w i th  g r a i n  r e f i n e i  
Ho d i f f e r e n c e  i n
mm m m rni <ii1L i   .........   » m
f f s t r u c t u r e l e s s  + °< -  bee>:
and  o n ly  s l i g h t l y  c o a r s e r  a t
e( a t  g r a i n  b o u n d ary  a t  1 .1 ” . 
s t r u c t u r e .  ®< i n  g r a i n s  bee* 
l i t t l e  change  a t  a i r - c o o le d  <
A c ic u la r  f o r  0 .1 5 ” , t h e n  * 
g r a i n  b o u n d a r ie s 'a t  0 .2 5 ” , 0  
a t  0*6” ) .  S tr u c tu r e  d o e s  no* 
a i r - c o o l e d  e n d  and  c o n f irm s  1
, I t  w il l  bo noted th a t  i s  m early ftrosy-.-ooGe a  hardness
oheok o f  ■ th e  a c tu a l’ qtionofiod end confirms th e  r is in g -p a r t  o f-tbo  ’ • -
duriro and th a t  th is  form' i s v hm itm l when oorporod w ith  orthodox -
Jominy to s t  ourroa ■ fo r  steals*  From the  comparison ©f d a ta  .'
* ; 
from tlio-Jominy te s t s  la, f a t l a  2$s 1% w ill  to  noted th a t  th e  ■ .
qtiemkod ©M corresponds w ith  th e  bottom o f  .the range o f  ' -
hardnesses o f  p^mismvr v/ater*qti©n©ho& from I^OGO^O '^ again a  proof ,
! 'y
o f  th e  e ff ic ie n cy  o f  th e  'quonohing arrangomo^g* ; -Tlio inioro* v-;w . V 
s tru c tu re s  clioned th a t  up- to  the  peak hardness tho strmobmr© was - ■ 
dooidodly aoioiilar* and tM A .suggests-tha t the  quenched ©nd o f  the  
Jominy spooisons tru ly ' corresponds to  a  straightforw ard m te r* . 
quenched a llo y  end the  isioroaso in  hardness ,is 'clue to  ’ solivtom porlsg 
O f,t!i© bars* m v r’ ; ' -: •. - n ; ' ■•' : —
h V The poahlMxrdnoss o f  th e  qaomoiied JomiBy t e s t  p iece. ■
oorrosponds le s s  0X0s©Xy w ith  the  peak hardness reached in 
tempering the  corresponding wber-qneaoiiod alloys* tu t  tempering 
o f  four se lec ted  alloys* ’% tsf *K% V . md V* • gave*' in  the  ease 
o f a llo y s fJo” mMk.'Vf increased peak hiardnoos* mxl in th e  a 
r e f i n i n g  two a3 f?Kst. and **&*#'l i t t l e  change* but a - s h i f t  - 
o f  the  peak Of th e  mnv® towards the  quenched end* •••- F u rth e r in  tho • 
ease o f-a lla y s  ,|SK ” aM *$<?• - t h e " quenched mdg <m te thering*  earn® ; - 
tip. to 'th e  peak hardness* : !" Table 2f s lw s  th a t  tlae tlloes usod fo r  - 
toqsoring  should* haw 'Leon s u ff ic ie n t to  g iw  ftss te sa  hardness*
; Those're s u l ts  show th a t 'farther- t i e r i n g  gives l i t t l e ; '  1 
ehoago in  hsrdnacs*: supporting the  contention  th a t  th e  form o f  th e
•  117 -
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ti]? to  the'-peak®. i s  due ' to  - © o lf-ten^rlng# ' '• This © ffoct*4
i t  m ill  to  noted® imnok'takeplae© in  a  wory short tiso *  erlnco 1
m s t  o f  tho"- Joniny..ta rs wore eoM v/ltliin 3 - 4  nim bo%  aM t h e 0 ' • ■
c o ld ' front" ©prdad up th e  to r  wory rap id ly  -for the f i r s t  ‘.f# .
Pr©El th e  e a r l ie r  work ©a tdrpering® 5 Ednntes i s  su ff ic ie n t to
h ’ . . S6 . ' . . , (
g iro  nearly  m sio u n ' tempering* while Smith arid L in d lie ff  shewed
tlmt"o< oould preoiptt& to in  3^ sooosds a t  *%p°Q* ' ,
•A t.the'peak hsrcinessr <* shorts. to  p re c ip ita te  and tlio ■ •
fa l l in g  awoy o f  iiio 'hardness ourvo oonu  rids, w ith  increased ■ !' y
p re c ip ita tio n  o f  & ' loading to  mi a ir-coo led  structu re*oh
, h ' Despite th e  high hordnoos o f a llo y s flh% nPn md • **£* :
a t the  aisxsoolod "end* the s tru c tu re s  are those o f the  a l r -
cooled shoot specinons#' . I t  was a t f i r s t  -thought th a t  the  me© ' l;
o f  th e  j ig  was causing quenching* b u t th i s  is ' disproved"''. i  , . -■
■ (a) by: the' length  o f  tixi© r  qi trod to  cool '.
•'"’to  a black heat®, and ■ - \  , :
'■ " ' ■;"' V (b) because sot 'all tbs : alloys exhibit air- .1 . ; ■""
:.hard<ming chcTOcterlstios®', ■■
( Alloys ”3W and &lmr Enr&od -air-hardening c h a ra c te r is t ic s
as shewn in  Figures 134 and 140®~ and th is  tma confiroed by th e  > /  .
'ia icrostruo tu ros* ' th e  ttiorootructuro. /o f  a llo y  nQ® suggeststhat
th e  hardness eurv© (Figure 141) should also  ©how air-hardening*
hut th e  hardness o f the  oir-ooolod end corresponds c lo se ly  w ith
th a t  o f  a ir-coo led  sarnies® Tho tendency to  air-hardon i s  .only
w ell marked in  the  case o f a llo y  WGW (revised  a lunlniun content
— H a  *»
Xl*®3$* ' ■: V& P i l l  1b0 ol)0orvoa in  4 * oasos o f a lloys "S-* and ”QW;.-
'th a t  th© goneral -shapo o f tho  onrvo i s  tho eaoio as tho rem inder* N
thus sbowb z th a t la  ac tual foo t a ir^oooling i s  su ff ic ie n tly  f a s t
to  retain , a  boot «■* p  structur©  afbor the peak hardness i s  passed*
lo r ' a llo y  ”G% tho ourro i s  a  combination o f two tondonoioo*
,. (a) tho n o rm l r is o  froia the  quGncUod a id  up to - .
■ ' tho peak liardBGGS and thon tho m rp a l f a l l*  when
■ (b) the  air^liardoRing iatorvosts to  o rro s t th© f a l l .  ■
’ • ; '
✓ ' /
', ’ in  Irirdnoss mid ro ta la s  tha hardness eoaattsft,
- although a t  a  s l ig h t ly  M ^iar XoroX than found
. . ■ subsequently ia  eaporisonta in to  edr^oooling ■
. .tiio sono alloy* '* '' .'
This l a t t e r  -effect could bo due to  tempering o f  tho air-bardeBod
structure* ' tM ch  i s  'po ssib le*  as ©bourn la  Chapter 9# H guro 84*
limps in  tho hominy'curves are  so t unusual in  th a t 
'65* 6?# 114 4
ohrbrlum s to o ls  shor; th is  feature* \. Shis ehoraot©s*lstlo baa boos
eliom to bo eon s i  s to a t p i th  tho ieo th o rm l t rm a fo r  ra tio n  eurr©*
. ' . . ‘ ■ , 114
sine© tra n s fo rm tio n  can oooni* in  th o ' intersrsodXato rang©* •' I t
is .u a lik o ly  th a t  th is  enpianotioa holds fo r  illloy  nQnM rM oh soi
f a r ' as tho iso tb c rc a l trsn e fo rm tio s i vjork has aliom* i s  ©f tho 
p la in . *Cf typo o f  cursro* ■
. Ttnro i s  sore support fo r  tb s  ideas pu t forcr&rd obov© .
th a t  tho goneral' shap© o f .the-Jockey curves obtained are-duo to
'  125 1
OGlf~t©Eporingf sine© C#I*# L il lo r  clma a  standard Jon iry  enrr©
fo r titan ium  xtiovo tlio care© riao s  to  a  peak a t  X i” end thon
remains flat*. Tm. shop© i s  a ttr ib u te d  to  a  tiso^opoM oiat
ago^hem&ening reaction* That the  oursres f a l l  la  tho ©as© o f  -.
a lum iaim  bronsea la  due to  th e  .fa s t th a t  the  quenohing rat©
is- in su f f ic ie n t  to  r e ta in  ft* sa !t  therofbre*. tho tosaporing
©ffeeb ©asmot fcako pise© fu lly , ' Tho d istance  o f  tho f i r s t
peak e aa .th e re fo re  be ©aid to  a c t as oa .indication o f  th e
depth o f  hardo^h g .o f the  irarious bronsoa* ,
fl©£\  ^c o© to  the  literatim ©  survey*. Chapter 4* shows .
th a t  th e  only .serious previous work in to  ba rdonab ility  o f
' 25 .
alwairdum bronsss m s  th a t  by Obiimta*. who- quenched ©no ©ad.
o f1 bars oontainii%. AX 1X,;P and ill 12,5^ i^ to  water* ■ the  remote
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end being lagged | and l a t e r ly  by Bailey and Sfcwingbon* wiio ..
*
c a rr ied  out nor© ©tho&osc .standard <Sorlny t e s t s ,  . Obinata* s 
results* , and Bailoy csd Sko^ington1 s re s u l ts  fo r  a llo y s
containing AX 12*2$ and AX 12,2$, h i  1*5$ (Chapter 4* fig u re  13) *
are  s im ila r to  a llo y  f?G^  la  th© p resen t work* which i s  duo to  
air-hordoning* '
thus in  th© p la in  aluniaiuD  bronses containing bew eea 
10*7$ and a lu n ia in s  (deduced from Chapter 8* Figures 54 and
55* and p resen t soot ion Figure 134) c&r^har&onlng c h a ra c te r is t ic s  
become -apparent* ' -. " -
■ Bailey and Siscnrington^s figu res fo r a lm in lu a  brongos 
containing AX 1^*1$ {Figure- 15) confirm th e  present'work* but
they te?©  not noted th e  s ig n ifican ce  o f  th® peak hardness- a t  tho-
quenched end* 'though their- p lo tte d  po in ts suggest th a t  th i s  
e f fe c t  i s  present*
v : ■ Sinoo tho tost3- tmd failed ko gi:y©- ®%? ck"h ~ ^
1 ^  of tho dopth femlonino, capability of .tho various
alirnlaiiai t)i?oas  ^ 'Cdio^o# f a l l  els© bora wore qacaie!iod# ' Sardnoooss 
tios’o'dotostiiaod on tho 'mk*£mO). m  Cilo 'mnM bo tho only -possible 
ebook ©a tho pieae© lifa rfM  for-k'* jj:a>ber boobs* -tn addition*i ’
fcBr&soaa trskorooo were mdo ©s eootieao of tho .bars* to’ rooka oar© 
tha t "tho 'eonkra of -tho 'ta r  tms f a l l f  loodo .c& tud to  eoe i f  tho - 
■trsrordoo woiiM-pir© m?- SadieaMon of laok of JiardoneM litpv ,
^  b  l #4?r 1  osir; wort-prepared r- since o  i t  c a ratio
o f  - gD' tjkoro • l i'#adlsra®tos* o f  bar tolar; -eaosokod ( la  t h i s  ©aao O^ SOO1* ~ '
vm& talxm as th e  d iieetor}*  fb ic  r - l l o  i s  su f f ic ie n t  to ' pit?© .
a:*f, i?  , ;
froodoia fro a  ood e ffe c t l a  q*\ iak*r3* fbo 1 u tjom  a lso  ••• • 
s a f f i o t e t  fo r  burning ©tab t^ o a o e to r  x&oooq okoa dup lica te  to o t  
piocos wore qnonolaod* b :/y ,  , ;
kg a  t o s t  o f  ercavDes c f  ©ueaoMae;^  tho follow iag ■ .
to d a a s s  f i b r e s  tw o . C ;kor:aln\l ©long $!»•. Im g lh  o f  sevb ara l o il-* ' 
quenched■ bo?b# as skoon la ; fb b la  JX* '.v f
Oy -lla&tkwa® o f  viiw fu3a,f od
.'8affo«
©banco fron  ©ad f i r s t  euoaobod
*Z„sj ' Iw dnou ’ i'XiJLlz shorn l i t t l e  v a ria tio n  -elcxig
tho ter:, :lh o f  tho bar* mid tlie refp ro  hardnossoQ more ontaxjuontly
ooZrj determ ined, la  the  a rets*® o f  tho t e # ‘ . -  •,.
*
Ah f i r s t  rbo hardnesses o f coronal o f tho bars nom  ; • 
s ig rlf itv n rtly  d iffe red  3 fro a  tec  g o  prerietiGly dcbeminecb on. runic-. 
sgoeironG* c.:cl i t  m o  aa f i r s t  iojongkt th a t  th is  m s  duo to  / • 
(inonohimg th roe  ta ro  a t  a- tSso in to  4f0 water# fhooo
'
diffecrawoo did m t  apply to  a l l  t a r s  m ithin a  batch* ai&l ©n , 
ro^fuiinohirc s in g ly  tho '-g?miom ro s a l ts  m ro  repeated* - I n
cjdditiospg a  la rg e  buokob ©f motor* o r  100D n l  o f o i l  ao appropriate*
! • ' ’ mao :iom used® Bora €dr~ooolod to o t GO seconds to  a t ta in  black
> u* mhloh i s 's im i la r  to  th e  cooling tim e fe r  t!ia *a ^ ? boro* ..
no roo Ik, v jq riaa notod daring tlx? cooling o f  'those
u O'^'-th-bugtioQrGfnl observations vom made m o i l  the  bars
a w 4n©& mom tomporatnro® ' ,
■: ^  s l ic e  0,2® th ic k  m s  meat c a t  ou t o f 'the -centre o f ,  -
'""the bar*'"' In  no instance m o  th ere  any s ig n if ic a n t d iffo roace
isi hnrdnoos fro e  th e  caftace hardnooe* c m  uhera bars had fa iled -
to  harden "collc fa c to r lljh  th iile  tlioro m s  no mariaticm o f iiardaoss
acro ss th e  coat "on® ■ ' xho range fonM i s  included ,2,3 ^ablo 32*
p I' SXio' s l ic e s  more neat out in  h a lf  and th e  one h a lf
- ’ ' 0 /  ' ' 
tonporedjj e ith e r  a t pOQ or 400’ 0 aooording to  the  alloy* and
tlx? l\arclnoao ro^hookod* STioqo re su lto  are  a lso  inoludod in
fab le  p2# - In  addition* re s u l ts  from th e  s t r ip  spootassa are
hnh n h  ! ~ b r Onn 3 e r g  «..* \* ' . /
I '■■•'.-■ '. : ‘ 122 <•-•■' ; .  -.. ' '.•■
■ TABLE 3 2 .
m —r n i  tr»—-nrnnr r-MHnniiTT nrTTitrrm
mSLIMIIABY EXPSRIMBOT5 ON' QUEHCHIKGr OF BARS -  HMBRESS
| -  -
kLLOY
' O I L  Q O  I  G H E I) „ B A R S  
. As Q uenched
tnnirmriTiii«iif>wn~nMirinf ii mum im  n m i w . ii.i|in~ i n imimrnJ i  ~i i i irn h mum Hiwmwmitui m m  mi|MinmwT*i*ii wyn  ...... i n w m m  i
I S u r f a c e  I T ra v e rs e  I S t r i p  
I I • ^Specimens
U 1(1) 156 -  166 I 
- 1(2) 146 -  154 I 167 -  1731 210 -  235
m-TuT T n i i i i j i m  ii>■ n iiiim i — iiipii mm w «»i ma n »n ■ in i*   |  n m mi mhhiihmwm i m mm iw  im mi
G 1(1) 264 I
K2) 263 -  280  I 251 -  259
iC
T — T
302 333 -  345
285 -  294
313 -  339
I> Kl) 329 1
1(2) 325 -  342 I. 322 351 -  364
. t
366 i 342 -  354' 368
Temperedi vr.-m »,'
T ra v e rs e S t r i p  S u r f a c e  
S pecia l
mens
174
270 -  277
378
378
230
W A T_ Si R Q I) j 
As Quencl
304
p
K l) 198 -  212 
1(2) 234 -  266
268
383 1( 1 ) 293 '
1(2) 271 -  280
397 |( 1 )  343
1(2) 328 -  343
j 366 -  3761 421
1 349 -  354 I 343 -  3631 349 -  350t| 392 I 401
307
319
Trav<
250
240
273
314
297
298
~ T™ — — —
N !(1) 254 i i II
1(2) 253 ’ I 252 -  2621 293 -  3081 256 313 289 288
302 S 320 » 3231 363 372 261 -  295 i 263
.mn wiawtt-ai
313 I 314 -  3191 310 -  320 357 -  3 6 d  365 280 261
A l l  sp e c im e n s  h e a te d  t o  1 000°C • f o r  30 m inute 
A llo y s  ’ U* and  *G' te m p e re d  a t  300°C . f o r  30 
R em ain d er te m p e re d  a t  400°C , f o r  20 m in u te s  ,
( 1 )  and  ( 2 )  i n d i c a t e  s e p a r a t e  e x p e r im e n ts *
■ PfimXXy# the  too hnhroo o f  the  s l ic e  through tho  o m tro  ' 
of., each bar /were placed together end soouofted in  boliolito for. 
microGoopieal c ^ o ia a t lo a  (Table 33)#
; Cooo prelim inary experiments were a lso  carried  ou t info
tho Isotherm al transform ation o f tho largo section  bore# fhsoo
■ .-. ,:■ /> 1 '
' r e s u l ts  a re  ■ included in  Chapter lfe# Tables 33 J6# while t h o ' .
/  1 • ■ ,
. zaievo s tru c tu re s  novo compared w ith thoco obtained on th e  O^ OdO” 
a tr ip  specimens in  Table 33# - ' :.
Bioonoolon o f R esults o f P u ll Seale phh'ih3i o fp®
«
g - As previously  opted* tho re s u lts  o f  lioraneso trav e rses  
correspond cloaoly  to  the  onrfaoo hardnocs* ’ m<m Whon tho ac tu a l 
fig u res  obtained do not oorroopond w ith tlioso egpoctod* Thoro ,
■ la  thus no in d ica tio n  o f  lank o f hardG rability# so in  hardness
' n ' ■ I !
trav e rses  on bordered s to o l bars® The ndorootrnotnroo in  fab le  33
also  show th a t  thronglxnrh a bar itis s tru c tu re  io  md£om$ ©roopt
fo r  a llo y  f,nw# oli-quonohod, which shone a r i n  ©£_£ 1 mor© froo
• s '
■ from p rec ip ita te d  <=< t  The tra n s it io n  in  s tru c tu re  i s  r e la t iv e ly  . 
sharp* ,hut th is  i s  nob unexpected since the  Eioohardon o f  hardening 
in  aXi^iniisa broncos nay not bo c o 1 ‘te ly  nartonsitio®  This i s  , 
t* •> cole example o f m m t could bo expected from fa ilu re  to  :
thronc!>Iiards% . ao in  stools® • .'
fairing tho o4;bual hardziosoeo obtained froo  traverses* 
coEpared w ith those previously  obtained on s t r ip  specimens* tho 
.follow ing GnooollGs' e re  apparent' %m
S ryy * «*
TABLE 3 3 .
alCRO-STRBCTURSS OF QUBICHSI), f  SMFBKSI) s M B  ISQglMEfSALLY TRAN!
ALLOY 
TJ
G
iC
GEAIH 
SIZE ,iM,
1 -  2
OIL QUEiJCiiED 
T j^ 'Q uenc 'Sd^^T eyed As  quenched Tem pered
•5
0 .5
(J* a c i c u l a r *  I £ 9+o{ a t  g r a i n  
S i m i l a r  t o  I b o u n d a r ie s *  I
W .Q .+tem pered! S t r u c t u r e  more)
sp ec im en s*  I d e f i n i t e  I
^ 3 p g ^>gCT»^g ^ .s« ? a 8 ^ g»rBKWTy<^ »gwag»,*^«a3ita°^^tww5»<g^''*»»wwa*»«=»w>-,|l«3fc3MK88a»jiait» aua ■■ m i
p , s t r u c t u r e s  As quencned  
l e s s  * ^  a t  i s a m p le .  
g r a i n  bound a ll­
i e s .  I
p , s t r u c t u r e  ~i As queue  lie? 
l e s s . *  a t  . { s a m p le , w i th  
g r a i n  boundat^j f i n e  pre™ 
i e e  * ' 1 c i p i t a t e d *  *
^  , in d is t in c t!  As q uenched  f 
a c i c u l a r ,w i t h )  but l i g h t e r  
*  a t  g r a i n  I co lour®  
b o u n d a rie s®  I 
p  s t r u c t u r e - i  As quencne  
l e s s , w i th <  I s a m p le , but 
a t  g r a i n  I s l i g h t l y  
b o u n d a rie s®  I darker®
J
p  a c i c u l a r  
( * t y p e ) .  
D e f i n i t e *  and 
c o n s id e r a b le  
p re  c i p i t a t i o n  
a t  g r a i n  
b o u n d a r ie s .
As quenched
(j9 a c ic u la r .
p 9 s t r u c t u r e ­
l e s s ,  w i th  f i n e  
d .
pT”acicu larJw itE
s t r u c t u r e l e s s
a r e a s .
, w.xuu T i l e  quenched
s t r u c t u r e l e s s  I s a m p le • 
a r e a s .  • I
p 9 ,v e r y  a c i c u  
* t y p e ,  show ! 
s h e a r  m arks
p  ,v e r y  a c ic u  
t y p e , show ! 
s h e a r  m arks
As quenched  
sam ple•
As quenched  
sa m p le , b u t  rao 
s  t r u c t u r e l e s s
a r e a s •
As q uenched  
sam ple
F T T  ' { p ' r'w i th  f  in e
P u re  p a t  
I r im .  0 .0 8 0
I 0.100mm,
T»*mg m -j-itiv.’SKsrsc-• ^ •g»ggtgt,ai»«>CTejusug rjr^^ je& cg«a  s=bt«t5SSs. 9  P  a c i c u l a r ,  I (i* a e i c u x a r  
‘ w i th  l a r g e  I a l l  o v e r  
s t r u c t u r e l e s s !
a r e a s • i
TiCs quenched
p 9 s iru c tu re * -f  As quenche 
l e s s .  I s a m p le .
a c i c u l a r ,  $ p 9 a c i c u l a r
n o t  so  m arked  I (*  t y p e ) ,
a s  O .Q . b u t  w ith! 
some s t r u c t u r e -  i
l e s s  a r e a s .
9 v e ry  acicu iarl P  v e ry  a c i c i  
i n  p a r t s .  a l l  o v e r .
H eat T re a tm e n ts  a s  i n  T ab le  52*
L
I .
ATT^ -nT , ■"ir-3 : XI.73iLLiixa 1 '
As Quenched Tempered As Quenched Tcnpored - • >
: wu« ■ Soft SoSlj S lig h tly  so ft S lig h tly  so f t
«a-«- S o ft : CofSs m *>
«Kff ; «• «* Hard UeuZ ' x
t»Lii ' Soft S lig lrtly  
■; -GOft
m
i
m
t
,«p» S lig h tly  -soft Soft ■ ■ ;
Soft , ' Soft ■ m
i ' ' ,
' To help m dershaad those resu lts* . reference  must bo m ade..
to  Chapter 0*-. - I t  i s  not tmorpoQted -that a llo y  *Un should f a i l  to  
harden f u l ly  in, o il*  sine© na te r^u en o h iag  la. obviously .n©o©ssor7d , 
tor a  lot?' aluninlun brOB2©t ' 8nd i t  oa% thoreforo* to  ©rpeeisod , ,
th a t  in  tho oil«*qucnohod s t a t e ' s l ig h tly  low hardnesses should bo - 
obtained , ' Tho ro c a l ts  ftor-alloy nQ® m ill  bo d e a lt w ith  labor*
Sinoo i t  was found th a t  tho aluminium content o f tho bar eousroopxidcd 
looro n early  w ith  th a t  o f a llo y  wnn# . . ' .
f , Tho re s u l ts  fo r  a llo y  **&% -as w&tor-quanehed* or© sim ila r , '
to  those obtained by oil^iordoniag* but by comparison w ith  previous 
r e s u l ts  ore higher in  hardness* hTomporing gives hardening tip to  .•; 
tho e x c ise s  ospcotod* trio r e s u l ts  being sim ilar fo r both o i l  and 
wotor**quonchod epeoisxms* . I t  i s  possib le  th a t  qucnaoaing a llo y  ,
f '
"£** in  -smtor i s  ju s t  in su f f ic ie n t  to  re ta in  a  pure.1 f> V  oM t l x t  
some agoing, occur a during the  quench,
< 1' , ' . ;
, ' . * ■ m' ISA r>
The resu lts  for alloys <5I»%' HP ’©il^onohcd* easq:;
only bo occplalnoa' on the basis tha t in .Itsrga sootieme*' oil-cja^iohing 
i s  inx ifflclc  ^  to  re ta in  a  pure £ f for those olloye* . I t  is. sot.
/ . 00 easy to  imdorstand why tho remaining alloys# **£% wbw and WG*# ; 
a l l  giro resu lts  e fc ilar to  tho s tr ip  opoainors wiiai oil^gtionGliol* ■ 
.sn&. on subsequent tempering* • . • ' > -.
u ; ■ ■ Th© re s u lts  fo r  tlie ieotnomaXly tranofxniod bars wore 
cmcOTaglag clnoe they a l l  showed horclnocoos end s tru c tu re s  , 
s im ila r ' to  tbooo: .rocordod 'on ©»063a s t r ip  {alloy HP govo some >
so f te r  re su lts )*  I t  !o in to ro s tln g  to  note th is 'p o in t*  olne© i t
. • . . ■ ©  : ;  - ;. . _  . . . . :
i s  in  agreencub w lthp .reh  by t‘mt» tjIig mood -p® d ia ro to r  d isc s  up
. to  J j*  th io l: w ithout e f f e c t  on the poorlit©  reaction* mod i t  holes 
to  su b s ta n tia te  th e  r e s u l ts  obtainod a f te r  ©3 ^ t tr im s‘h>rnmiior»
• dteorrni hocppnoo of Alloy ffGa On ;ro! ed as Large Bar*. •.. - • ( ....
The re s u l ts  ©htainod C u le g  tho quenching o f  la rg e  sec tio n  
-hors o f  a llo y  f?0®* lod to  a  fur* - In v estig a tio n  being made o f  th e i r  
hardening ch a rac te ris tic s*  Tno re s u l ts  obtained cr© chom in  . 
Table |4  and tlio c io ro s tru o tu res  observed ©To recorded in  Table 35* •’
.■ i  o f  feoulto^ • • i ' , . ' ,:
■ ’ ■ Tho m iorostnlctureo cro broadly s is d le r* 'but eueoincvtion 
o f  t!.i© hardness values alxm s ig n if io c n t difforonoos# f i r l l a r
.... r e s u l t s .to  .theco. 'obtained previously  were obtained when specimens ..: 
tToro again: qnonohod from ®mQ&)n © trip*/but quenching spooioons of. • 
s im ila r sice, e a t from t h e ' Joblny bar gave hardness r e s u l ts  s in i la r
■ ‘ " ■■ 5 4 . - ' 7 v
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P rev io u s
• Work
He p e a t ,  
- T e s ts
..Jominjy* ■ - ■
700 ■ 144 : :: ~ r 146 -  149 ..
800 ' 160 ‘ ■ 1 6 4 ,' ' 221 \ 234 -  250 ■
900 ; 143 i ? 9  ;; ; - 283 ■ 2 5 1 -  254 '
1000  : '■ 135 15V ■ -258 ’ ' ■
,ASpecimens-' 0*060 tt . t h i c k  c u t  l o n g i t u d i n a l l y  
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T e m p e ra tu re  V:
• o ; ;
. 0*060® © trip .- 
I lc p e a t  S e a t*  "
J© m iny, T e s t  B a r ,; . 
,(0*060lg' sp e c im e n } •
: : -800 ■ ■ \  ■ 
900 
1 0 0 0 ;  , .
u  4. # w i th  ; 
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81 - If If !
to  tho f u l l  tsiza bar#' f id e  th a t  th© Imrdoutiig- response '
f e r a l lo y  %tf was. different for spootans o f tho- oca® tI&&33QQ3#’ 
A e l n t  fnialysia of. tho to r  m b a r ia l  s ta ted  on alonlohiiri do 
o f  2.1*0^, v/taoh oorresponds soro  Boasiy with. alley I*!!1** .... ■ Later* 
'in  Ch&ptor 3.3# I t  w il l  he 00cm th a t  tho a l x l n i m  coatout o f  
a llo y  s tr ip -b aa  also ' boon roohoekod* alaiDinim 10*3^ being ; : 
oV ialxd* and ' I t  i$  th e re fo re  d i f f ia n l t  $©■ waaosntoml th i s  
dlexw rnny# . A possible oonlcm tlon Is that i s  tfclo partioalar'- 
o a s t febo m l t  m s  in su f f ic ie n tly  et&rrod* ' fho hardnesses 
obtained for' s t r ip  s&uorlol fro a  a llo y s  !fd% ffnrt and tfl ft s l w  
fh@ following ©cngnil son w ith  a llo y  w£rt In  h o r 'fo rn  §*» a ■ , ■
. Alloy >3* ' / ‘ > !f5 . "I* ■; /■-■
r o t i  Strip# ’%, C xps ■ Strip#
0-a
TV 1 io»3& ll*Q5?o U .2 S  - 11,-S-
V * :>- fe ; -.'® • jU-tfwvr 0^
' X  105 £ r°  270 . e?
fliooo Ixrdnoos figu res a re  co n sis ten t w ith  tho rowisM ■' 
an a ly sis  figures*  end s t a r 't h a t  by obaaee a  bos*- m ie ri& l w ith a  
Mgh a X x d rim  coatoat lias been obtained# ■
E ffec t 0? haso 03 H anx-dry o f Alloys- t*un and 
■' * ' 7 • *
' Tli® fs iln ra  o f alloys <SUW cold n0?* -to harden oaqgletoly :
in  the  bar fb ra  ',131 no in d ica tio n  th a t  th i s  m o  to  bo enpoobod •
from tho Johipy uoch rosdlto# led  to  o ther ©rspcrinonts being carried
fo r  too vQiflz on xonohed ^  u e$ o f  'tho various 
alloys* spooioxis 'I*1 long :s ^  w ife z  O*O60ft fcaro,teca used* ••■ 
falsing each o f  these  a* -ions in  tu rn  **> - o
fo r  th e  t ” t — -ion |*  £  4*13 . tJhoro «S» « breadth
’ , „ I  ' «* n •»*- • tt ff* * ti:iclo?oc.3« « If® ?$ &  *» 0 *#s>^ •■ . 4' ,
Both tlieoo r a t io s  ctro above 4* ond th e re lb ro ' approach. . 
in f in i ty  03 as defined in  ta b le s  in ’ BCS 971* " ft© values fo r .■
in f in i ty  givoa in  th is  standard enable a  conversion to  bo. obtained '
f ro a  0*O'c0* sliest to ' sa  equivalent round fo r both a ir-co o lin g
sM ' oil^quenobing* as follows g.*» , ’
"* . ' ' '
p  ■ • ,  ,
C in rV n ^  f I i c T m 0" fa c to r  ids* X ’ ^ a~ ** % found*, -
~ I x \  no ** a t  i n fin ity *  • '
■ ,-ASr. . o.ofio* s  '2 .575  ' *' • . '  0*118o ■
O il ■■. : 0.0601* £ ' 2.,7  S ” 0,102"
I '. • ■’ ' ' ' ' V \
- fh© la rg e s t sis© # l o t  oould bo eoisfortably turned from '
tho bars., to  g iro  tm area In round figures*, was (aroa S 0*050
sq* in*)# . fh i s  was* therefore* colootod as tho nsedm s cHosebor 
and to o t  bars wore machined from alloys ”t)f? sad nGn in  tho folloiTlng
’proportions $* a ’ . "
■ • ■ /-
Manet or • Area’ ' fol-wivo' ■ Lcrgfch 5^  '
in*;- ^  ■ 60#■ In# /* •»
0*252 h "• 0* c p 0 • •■ 4 • ; ■' -1*26
0*170 0*0200 .2  . • • 0*39
0,122  • ' 0*0123 a 1 ' ■ 0*61
fho sm allest d t a e t o r  w #  therefore* ©spootod to  he
. approximately equal to  th o . Gt Q£Qn s t r ip  when air«»oooloe1* m i l s
' dll-cponohing could be empeotod to  give a e lig h tty  lo ss  ocror© .
cjuanoh# A o f  specimen 5 22 diam eter was ssolootod to
~ : 17 '  ^ ' ■
minimise tend effects#  • ■ Spodinons o f  the .tom* 0Imm la
- f  igure 142 wore steMmcd oaf ilKmgh rood fo r  scmo o f  the  e a rly
0%$)®FZmnt&$ specinema o f tho t£hm& dimensions vroro need fo r
'. th e  rem in d er ©f.ihowork* ~ ... •
D fa r  r Vt' -♦ I ts#  •• 1 '•
«;. Tho re s u l ts  ishOTSi in  Figure 343 ore linked to  th e  "
, p reviously  detsrslnocl r e s u l ts  fo r  O^ O^ O** a trip#  '.■ h
For tillo^r W*# tho edr-oooled onrro I s  tipnal# '. t i l th   ^
qnesahingf th e  tmrOaom in c re ase^  &s thO’ section  i s  decreased*
■ la  a  marked a a s c r  fo r water-qu^iohing* hut not so d e f in ite  
fo r oii^posG hing# ap shown by t h e . s c a tte r  o f  r e s u l ts  fo r  G#X228 
diameter.. and 0#0608 strip #  '..
' Gnly a llo y  e iw s  marked d ifferences when w ater- 
quenched, and c o n fin e  tho r e s u l ts  obtained fo r  a llo y  ??a sl ( in  
s t r ip  form) to  which i t  - is  s im ila r la  sluninima content#
Alloy 8G8 as ©*060?? s t r ip  i s  s u f f ic ie n tly  air-hardening / 
to  give tho com hardness as- when oil-quenched* but w ith  increase ■ 
in  sec tion  end .therefor© slower cooling hardnesses comparable 
w ith  wator-quonching are  obtained# ' In  th in  sections* w ater- 
quonohing re ta in s  a pare p $ and as the soot ion increases th e  . ; 
cooling ra te  Is  , s im ila r to  tho oll-quonoh#
Comparing the- curves fo r two a lloys fo r  a  given quenoMhg 
''. saodiurn# tho hardness a f te r  s i r  cooling c a l ls  fo r  no comment#
■ • • h ■ . ;  ^ / ' ' . . .  \**\ JUlO- #* - -
II
■:89n-  
i ___
Diameters 0 J252" O.lyS" 0.1^2”
FIGURE 142* Form o f  Test P iece for  
Quenching Experiments.
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FIGURE 143. E ffect o f  Section on Quenohed- 
Hardness o f  A llo ts  ®U® tad WG"
(M r rn^i *%?!*» tea )®
Tbs tratGJfr^aOOOhOd' .OtOToa ©hovrthat dOOpitO t i l Q  d if fe r e n c e s  i s
i - ~  . • \
nlucdaina eonfosafc (a llo y  f?ys? A3, 10*1-1 end a llo y  *rGf?i A3L 11#03^) 
eoi^aroblo hard& essoi*ooa to  obtalaod# Qil-*quo;^cMBg shows tho 
Dost &l£f©rmo% in d ica tin g  ilrnb alaedaiuB con to rt ^ ro o t 
©fToots m tbo cloptjli o f  hartoying* m thee  t!m i tho abso lu te  ’ ■. 
hardness attained*" . This oosolucioa m y  possib ly  bo in co rrec t 
'bocoas© o f  the oorpless in te r - re la t io n  o f  ©©Dpositlcm# hardening 
sm& toaporings which probably occurs daring cooling-from  tho 
.horde&l&s temperature# ' - . ' ,
7  f ,.^5 7 . , s  r . , w r y . - ^  a, <* <*
f r ' . ^ . V ' . . ' . '  ; .  : . i U v \ A ?  A  : . v .  .  . A  A / i ‘  i V - . i . v ' - .  A  * * M ,  A . : " .  ! > ;  ,:1 - f  . :  V : , A ; . W .  v  *  .  •  -
Toolmtcme o f  iB yosM goM crig^  • , ( ' 1 ,
1*4” long hers# o f  tho Sam© leng th  as- used in t h o . 1 
prelim inary t r ie l s *  wore nosst prepared fo r  bsnoonobor te s ts*  .- , ’• 
Tlioy were a l l  polished on the  ends and pickled in n l t r i e  ~mM 
to  onsnro froedcs from ro l lin g  defects# -
A ll t o r 3 wore- quaaoltod froze 100CPq using o i l  o r ro tes’ 
as neooosayy in  bh© i r e l tM m r y  work to  ©nsaro f a l l  hardening*
Bars to  bo eiSMsoolod wore tre a te d  InAiwidmaXXy* /The bines •■
 ^’
kskm to  a t ta in  blaok boat# 80 oeeond% won© sim ila r to  OIbgo
no tod fo r the  domisy bars &b the alrwsoolod &v3# a id  a lso
to  th o . alaxsoolod s t r ip  epos!mono tdiioli a tta in ed  llonls -heat''
! *' - 
in  1 rdmite* . Eard&uomjea. trere ©hooked before her p e r i  **£» _ fo r
the  ie o th o rs i l iy  transformed spoolloons# hsmdnessGO war© dotormined
f i r s t  on' those tre a te d  bars and tkq tempering o f t i n  ^ lo o te d  '
cpieriokod ta*a  adjusted- to  gfhro- no Been* as poco lllo  C o earn©' - '
harcliGss* .. In  tlio oaeo o f  a lloys *Zni **&* mm I l f  |  - nns .
Ktce^ v»«^ .
M gbor th en  those p iw io u s ly  ’usod fo r  tampering txora The
h a s ’ c l i G o s  m e m i t s  a r c  I n c l u d e d  i n  T a l l ©  3 6 *  ■ r  
' . Tc-omi te r  to o t  p ieces won© then -prepared' and the  ■
moolasioal p ro p erties  determined* w ith the  r e s u l ts ' given in  
Table 3?« ’ Spooto&s w ith a cross sec tiona l eroa o f  0*025 sck  ln # 
•wore used# feb for. the  fen  hoat-»fcs n ts  erpeotod to  glyo
' ' 1 t ■ . '•
b rc/hafg  loads ©boy© t lo  m ekino capacity# opeeiE^ono o f h a lf
t a b l e ; 3 6 ,
HARDNESS RESULTS M E A S U K E D  LTJRXHG PREPARATION OF TENSO*
- mD 
f  EESQ—
LITER
{AS QUEMGHED lIRELIftIMTEMPERED
ALLOY TREATMENT
5GG°G 
100°C 
200 °C« 
300®G. 
500° C
I s o t h e r m a l ,16*750  s e c
A .C . + 500°C  
if .Q . + 3O0°C*
W.Q. + . 500°C*
I s o t h e r m a l ,16*730  s e e
258 
225 -  245 
221 -  234
A .G . 4- 50QWC•
O.Q. + 400°C*
O.Q# 4- 670°C* 
I s o t h e r m a l ,1 4 ,3 0 0  s e c
264 
388 
250 ap p ro x *  
270
325 ! 330 
345
  400®C.
W.Q* 4* 720°C®
I s  o t  h e rn ia l ,1 1 ,0 0 0
A .C . 4- 500°C . I 233
W.Q. + 4Q0°C. 1308
Sf.Q. + 720°C . I 308
I s o t h e r m a l . i l »000 se c .I
298 -  302 I
A .C . + 500°C . I 176
1.7 .Q . + 400°C . I 268
W.Q. + 550°C . I 268
I s o th e r m a l,1 1 ,0 0 0  se c .I
180
288 -  298 I 307 -  314  
I 275 -  287
E .B . A l l  a l l o y s  h e a te d  t o  1QQ0°C • . f o r  30 m in u te s  * 
f o l lo w e d  by w a te r  quench*
T e m p e r i n g  , f  >
A l l  i s o th e r m a l  tr a n s fo r m a tio n  a t  500°G* f o r  t im e s  s t a t e d ,  
f o r  30 m in u te s .
TABLB 37*
■WS^ W^ .^ .^i'ZyryTOgHflPKgta.-TWMMtlfifar
mQtmXQ&L TEST RESULTS*
ALLOY
!
1 mSATMEKT
iiikh i* X G
■ • n a i f  ' 
soks/ s q . i :i .
maximumc1'
s o W s Q . n r .
KLOlIGATIOil 
Off 4 /X
u
U
U
u
u
u
1000°C .  A .C .+  5U0°C. 
1QOO°C. W.Q.+ 100°C . 
1 0 0 0 °C . W.Q.+ 2 0 0 °C . 
1000°C . \7.Q .+ 3 0 0 °C .
' 1 0 0 0 ° C .\7 .Q .+  500°C . 
I s o th e r m a lly  tran sform ed
1 6 .1
3 7 .6  
36 *1 
4 0 .0  
2 0 .8  -
1 8 .6
2 9 .0
4 8 .4  
■50.6 
5 4 .0
3 5 .5  
2 9 .8
7
6
4
2^r
16
10
. G
G
G
G
1 0 00°C . A .C .+  5 0 0 ° c . 
1 0 0 0 °C . W.Q.+ 3 0 0 °C . 
1 0 00°C . W.Q.+ 5 0 0 °C . 
I s o t iie r m a lly  tran sform ed
................. n 11 1
3 7 .0
2 3 .0  
2 6 .9  
2 4 .2
4 1 .0  
3 0 .2  
3 7 .5
3 6 .1
2
6
2 k
2 <
r
- K 
K
K
10 00°C . A .C .+  5 0 0 °c . 
10 00°C . 0 .Q .+  400°C . 
10Q0°C. 0 .Q .+  670°C . 
I s o t iie r m a lly  tran sform ed
3 1 .0
«*
3 4 .3
3 3 .4
4 2 .8
5 7 .9
4 7 .9  
5 0 .4
2 i
I t
5
3
L 1 0 0 0 °C . W.Q.+ 4 0 0 °C . 5 7 .2 3
L 1000°G . W.Q.+ 720°C . 3 2 .8 4 6 .5 5
. L I s o th e r m a lly  tran sform ed 3 2 .4 5 0 .0 2 ■
X 10G 0°C. A .C .+  500°C . 3 8 .2 5 5 .8 2-§
X 1 0 00°C . VJ.Q.+ 4 0 0 ° c . — 5 9 .0 X
X 1 0 0 0 °C . W.Q.+ 7 2 0 ° c . 3 2 .6 4 7 .6 3
X I s o th e r m a lly  tran sform ed 4 0 .0 5 6 .0
’
7
M 1 0 0 0 °C . A .C .+  5 0 0 ° c . 25*6 4 1 .2 5
; H 1 0 0 0 °C . I3.Q.+ 400®C. — 55.5 2
11 1 0 0 0 °C . W.Q.+ 5 5 0 ° c . 2 6 .4 4 4 .4 7 t•!>'.'A I s o th e r m a lly  tran sform ed 24 .4 3 9 .8 3
K .B . A l l  a l l o y s  h e a te d  f o r  30 m inutes a t  1000°C« 
tem pered f o r  20  m in u tes a t  s t a t e d . tem perate
I s o th e r m a lly  tran sfo rm ed  specim ens h e a te d  s 
th e n  is o th e rm a lly  tran sfo rm ed  a t  500°C •» as
tho oroa ta 'O  t.ood* Hough vM.s l i t e r  xmored to  be romeoeoeaag/* 
hue to  Luo IH xea.h  hrittl-jnu'-is o f those* alloys* srmy o f tho'., .
■ h ‘u.j-L'.*3 y e ? ® . .  fa  if 10 sIioaMea o f tho opec:hrms* and honco 
■reduction o f ere&o 'could not he jaaoirurod in  tfcodo o a s e s . '
‘.''13otiasfoa pH g
:;■ ■ Tho bardmma result©  obhcfeod cm tho  sidoa o f  ih o f
to o t piooo% both ao^acoof A a Vi cftx*  ta p e r in g *  
are  chcnm h i T cfIs 3 k  together v i th  VVymoo V m lru  Vod from ", 
;%hc moalr oa f io  am  aVlrys- In  tL© G#OfOl? s tr ip *  oad .
•fSHjm the  _ Imninary too la  cm ha? mtorl&X* fhoara laoo ' elx^r ; 
•gpod• fsgyoGexit t d th  the r e m i ts  >~p©ob©d* oaoeph fo r  a llo y  ‘’G"* 
as previously  d ls u x x o ’*, vTh©-.ttqIuos fo r  the  isotborei&Xly 
traaoforaed  opoohm o grso exsoptionaily  c lo se  a g ro ^ ss t*  esse opt 
‘.for a lle y  WL% ' ';' Tfca hardrooo values fo r a llo y  wUn taimorod ■ as a
■ s e r ie s , did not ro flo o t tho r is in g  valus© obtained e a r l ie r  o n ; ' 
c l r i p ' cpecisjens* miough t*so tonsil©  irulnoo- do s l w  a gradual ., 
t e r o a s e  in  ta a o iie  m troaglh m  tome;?lag iorvoraburo increases- 
fS’OEi 100 to 300°C. ' ■■ '
V .. . . fho r e s u l ts  ©f the bonollo 'te s ts*  given im Table 37#' ■
.©ro p lo tte d  out in Figures 144 (sad 145* . ■
- Tho f ir s t  graph, Figaro 144* ©liours tonsil© strength ■
■ / ' ■ m ■ ■ ' . . . . .  . .
plotted against elongation and V m a tho gradual improvement 
£n. elo~ iw on with, fa ll in  tensile strength* .end i t  .appears 
possible to drum V roo s - .j lines fo r air*eooXod* tempered . 
and isothomcslly'transfos^icji alloys respectively* though for tho
St
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Hardness •  V.P.U.
FIGURE 144^ R elation between Maximum Stress and 
hardness o f  Heat-Treated Alloys*
Elongation -  % on
FIGURE 14^ . R elation  between Easdmaa S tress and Elongation  
fo r  Heat-Treated A lloys!
f i r s t  lo s t co"'11,*-a only #'£&r paints e ro ' ; . . • • '• ;
-.. Figaro l-^ .o te /3  the t e e iX s  otoeagth plehhol-ayxi r s t  • 
XardrBsa#... . Fo dishlaohirm 1ms bocm dram Imbrem the wisdom 
coal i l l  ms 1b drasdag a ohrotahb Mao relationship ©  to a . .. ' '' ’
m tfsssa  hardness c-f approximately '3^9 r*P*Uf only, aid  aa such , ’
till© I s  not m  txTaxacd tygs c f 11though published •
n
oon^orsiOB charts for stocls toply tha t tstioXXo strength tip to. 1 • 
145 toac/sq* is# ©an m  obtained a t Imrfeessoo o f 600,
usually prior io#sa3S ©crscrlrly beyond th is  bmrdnom Xmrol, bo - 
laoro&eo do toaoiXo strczmih 1 c obtained for higher hordBCcsos* ;
i ."'
flols implies that i c r  the alir±rdura bronsms «m • «*’ orbed in the ’ • 
owroat i n s t ig a t io n ,  so Ineroaso in  to n sils  strength beyond v -, •' 
60 tons/oq# in#.cry os crpcvtcd# ' This is  farther 'arrdifiod by /  
Ohspter % ' 11*1 whichshorm that th®ctoi^atioB is. very sm ll
at: those tersiXo IswoXs* . .
Tho Mghoat} elongation figure obtaarod by the w riter : ' 
l®f» elongation for a imaiam stress of ?6*2 torsc/ee# is« . ..-•
Together wit!; ot! .or f i b r e s ,  th is  mxggoahq plotted figures 1 •
fo r ojrbsmdod I cms would l i e  to tho. rlcht. of tho Cura© la  Figure 144, 
aa. already found for the dlffcr-T 't steles, of tho to rs trea ted . 
fbr * oootor tests.i end th a t ho d>Xorl:nrb i:i trial! sections
causes lnhar<Ht cnbrit&laEcafc*'. cym *rm  dfmr isirfea for h b , 
Qlcrc&tlGm of rlm lrlrrs  t.'CV'-a rc© bp scorn ixictoaoos very. low,-'
,co!t Figaro .9 .also' clams .'that * ^ figures ore. ©one I stout *
. >. -In .th is oocr motion i t  - * n ronmdmred tha t ia  ooct
■’ ' ■ 1 ’ ■ ' ■ • ; '■ ' ' ■' . •''■ '■: ■ . •■ ■ , •; . , ■;. ' ' 4  '
::: ,■ •- , ■ \ ’ ;«  1 5 2 ; : ' ' '
eases tho over ago grain else in itio  alloys tomkiod in.thia*k>rk 
lias horn la  the range 0*5 *» J  oa* Miiob is  large* in  relation. to ■
t '
■the s lso  of- bar* I f -g ra in  lx>imclary I s  present* as o fto a  
Imppenodl i a  lioab^tre alloys* thm in to ro ry  s ta ll in g  b r ittlo n o sa  :' 
so ts  tn$ and on am occasion m~ oil-quoaohod aacple o f  a llo y  ?fFn 
s p l i t  o f f  l a  rostanpiag* This m y  s o t  "bo- a  complete osplcsiatios^ ' 
© specially as noasureablo elongations liovo boon obtained* bat 
vory t li ia  f i l m  o f  g ra in  boonsas^ ^  are  imry l ia b le  to  ooour* 
•though tbo aierosoopiocil, onasnnatioa of tho <?0&iny specimens ■ 
(Chapter 11* ^Tablo JO) showed th a t  °< m s  only no ticeab le  a t  
considerable d istances - fro a  th e  quonoh©& obc5% tfhm alr«*oooXod 
s tru c tu re s  wore obtained* fu rther*  tampering a t '400 *» *f(XP0$ 
and ieotnerrmlXy transform ed specimens (Chapter 9# Flgvayo 00 
and; Chapter 10* Figure 1X8) show th a t  m smh o n b r i t t l in g  film s 
e ra  present* . 1 ' .., ,
Tho fig u res  for- m d n s a  stress* elongation and, hardness 
fo r  is o th e rm liy  transformed specimens have horn, oomured w ith  the  
eon© a llo y  tampered by link ing -together th e  oox^ooponling p lo tte d  ! 
po in ts  in  Figures 144 and 149* Esoepb in-on© in stan ce  tho 
olongation o f  tho io o tlie rm lly  tr'oaofonued a llo y  appears lower • .  
than the  komorod a llo y  o f  approximately th e  sceo te n s ile  s treng th  
(Figure 14p5* though tho te n s ile  streng th  o f  the  tampered a llo y  
appears higlior them tho iso thorsrally  tronsibm od a llo y  fo r  th e  some 
hardnos0 (Figaro 144)* ■
xi9  '. ',  ■ m '
■•. 2b tsh o u M  h o  remembered that both Oooke. and Mleown ',
show ti'i&ts aponoMmg ilg a e k o ro  890 *> ‘/x T o  l.X m oj'■'■■■■-.■. 1 *<*
in  tho oonylon frF* ty -^  Ty t ‘1 •: X C* 1X1 r  !
t h a t  t e p a ^ in g , th v  ^ udsd SC’1 y ,  J1  r e  C j'f'd  t z  :
ob ta in  oXomgmXion eloro  1J-*
n’lltlo n o s^  
r\* glmrsi 
..josscry fee
■%**/!<» *•
■ ■ • . 0 o r  7# 8 end 9 Z~VG tho  rd o r ootenaotiTCo o f  thor'
i
furaoGO^ooolod alloys* t!i© o ffoo t o f  cuonoh;ta> end o f  ^ibooqticat 
' ■
ta jp o r lr rg *  !Io  dcbrdlod disonoolcm o f  r o o s ts  m s  in  those 
C arriers* which hm boon roearved u n t i l  t h i s  stag© fo r a  ( ,;• - 
study o f  tho 'reouXb% i t  lias boon possib le
to  iaaiudo d lso u ss to o *  wi^or© ap a 'm 'ah © *  lot Ohoptoro IQ* 11 cad
C onet! t u t lo r y  : . • g
fa b le  g iv e s  th e  s im m y is e d  d a ta  fro n  the - cfcudy oa 
tlm <p v.<3? o d ' alloys* Tho ebeom atioad oa tho  oaaoc&od strboturoo
m r4  f u l l y  eovorod la  lln g u o r  7# ta rn  w h ich  i t  tm a 000a  th a t  th o  
a d d it io n  ©£ Iro n  o , a lo b c l o u n h f e r  l l y  s & x lifie s  th o  m a e a lo d  _ 
structured* iro n  id* Iiomuorj m i i t y  roopom ible tor the  eomples 
s tru c tu re s  end the  IbmstlOvi o f  tho th ird  oonntVsvrtt* Fo&. tho. 
a llo y s w ith  Mgb t&olzol eodtont# (h i 3 « 9 4 $ ' a  th ird- ©s&stli£:rak ', 
is  J n o t v is ib le  aft' X#3m .Sstsn# f la m  a l l  th o  © o q fto s  a llo y s ' ' ■' 
c o n ta in  th o  c o n s titu e n t c m e p t fo r  a llo y
Butootolcl fa T'Or&tuyo» ' ' s
Tho f  bouaiairy (Chapter 0 )# m s  cmcf ;1 rncd, -
*£*)■ ! t
a f t e r  e > j 1 '’ I  cliff ionltg*  a t  9^9°^ fo r  tho p la in  alloyo*
which i s  in  good agreodcni w ith the-value determined 'by otliop
TABLE 3 3 . 
COMSTIfUTIOMAL FEATURES «
1 .  te m p e r a tu re  t o  n e a r e s t  50®0* o n l y *
2 *  T ru e  f i r s t  a p p e a ra n c e  o f
3* B ased on d is a p p e a r a n c e  o f  dup lex** ,
1 miHmATlJBE (° c * ) FOE BOUNDARIES •
1 COMPOSITION -  $ + Vp /oC. «f. ft. ■ IE 0 N RICH
. ... . 1 " ("■'.......
1 +
ALI.OX A l . ILL. Fe*
See 
n o t e s : 
2 .4 *
See 
n o t e s j
. .. .............
,  PRECIPITATE.
, i  j i
A~ j 0X W A1
1 '
u 1 0 ,1 «. ■ «* 565
- ■
«» 1000
Gr 1 0 ,3 . -  . -5 6 5 ■' - > 1000
H 10*7 - 565 - - 1000
I 11*2 • 565 ' — “ 700
K 10*33 3*83 0*10 640 700 ■
«. . « *
I
i -
1 900 *
I ' 10*26 3*92 1*30 600 750 A 700 > 7 0 0 800 ! > 1 0 0 0
P 11*31 3*94 2*12
.
620 700 1000 950 9 0 0 ! 1000- •
X . . 10*99 3*97 2*75 700 7505 900 950 910 ! 1000 :
T 9*93 4*88 4*57 n*d* n .d * — ■ — > 1 0 0 0
1
:
■
X 7*8 - 3*2 n*d* n .d * - - > 900 —
;
■N '10 .78 0*02 2*42 565 - > 9 5 0 950 900 I> 1000- :
S 10*19 2*11 . 2*34 600 6505 :1000 ■ 900 900 : > 1000
:  ■ ‘  i  -
>!•
0 10*82 1*87 1*97 600 — 900 900 8 6 0 > 1 0 0 0 ,
!
url x/M V cvnopl * -4- • d&o^ma t*f hawser* ..
Tahlo 58 slmm thn t th e  a iilM o n  o f  rio k o l . iwooilaieXp r'kow j th is  
tfw perrfero  to  / / " ° i   ^ * -  ’ o! m& not, t e n  l a  r o ^ r c t b l o  -
fo r  th is  . Increase in  fu rrie r?*  eSlcg slk5?# which i s  wiokol
■ fre©# -3ms th o  eoswbI \ \  T "a 7* ?*>c \.-T%*zv&vg>® fo r  t ! a  '
$ir&t snwsarrnco of. (& *# r M e h m s  vofy. d e f in ite  fo r  meat at the  ■; 
alloys* vc*io& fro a  600 «* 64h°C# • In  e llo p  'WX** i t  ooorro a t  
700w0* Ik r re  o f r r  ap p cv ro n t'o w e . V " * {* " 's H ^ h lp  Mghor Iron  
e e rie s t*  o. ::. „; ., \ ' v .... /  r
M was r o t  u n t i l  IrVjhor t ^ e m t u r o e  were roaakoi th a t
' ' ' \  * : . ■ ■ ' . ' ■  1 ' 1 *
tho  dwpiosi o{ elrwc bare was e c rg lo tc lp  rower-cl* In  tM s  work , : 
th i s  l a s  hom. tehee to  Crk l?uke r ;o  oa:’’•‘lo tio n  c f ' tho o*±&**/&>+ft '* fcJ' I
t* 'aR ov#  i t k l i  k r . a  to rra rg  .and qwahcwmrg a llo p  wash a r is e  from■., 
an f>* Vp phase fie ld*  Tho oalp  co^walp I s  a llv p  *?k?V In  which ' 
ecrru  t>  ta ro  T sect l o r k s s i  !.g r/n f r r  >*rioh % e ) t  FklJ :'
-  ■ V. , :- ii9 .- . ■ Vv; :
l^moo f io ld  c r is is *  aa thorn kg Cook ot* s&* in  tkarmor 1# Figaro, 6*
■ i  _
but tho prow,.k m rl: i s  I:* \ j   ^ i s  'groom'*; v ? i  t.ioth';' ' \  •
fcs^opobus’o l i s l i s *  V . ,< ;a 'tho ere wot c t r io t lg  eosporahle .
. i a  e to o s i t io n * ' F^k*. * fo r  K r a l  ^  s as de ta ilod  kg Cook oh*' ,' 
•119 r .k  . -  . . 1 :
a l . ' diu not f t j ' i w /  i s lh lw d i s t in c t io n  between th e  ontor. la iao llar
po rtion  o f  tho dwwlon strw otara and til© - 1^ ph;not wliioh in  t h i s  
'work oooured aa c^iioroids*
Tsio duplex o( ' IxwQwer# opwoara ookwletQlp d iffo ro n t f ro s  
: y ^ a n d  in  anp ease disappear a. a t  a  tp ip o ra tu ro ' fo r  lower t l n s i t h a t v
■ ' 816 , . ' . ■
Givan by Cools f6? \  . co tlsat t h  aopoare oa i f  tbo orris?. olioll
Of tho dnplos <* eisw ta'Q  might to  tho l l d l  phase# Ibwetros**
afte r tho thaples: °< struoture 1ms disappeared* tho iron-rloti
particles* or ^  phase renaiao tantli they dlcsoTwo shortly
‘before tho la s t of primary c( *. This ooquonoe proves* ■
therefore* tha t given la  Ohaptos* p $ Figure 6# of !
^  ^ ^  ^  <4? (IT ^  ^  |i p
In tho ease of alloys t9lin and ”0% Itoovgf* disappears. 
10°a above tho ^  4 m  boundary ant]* therefore* .tho sequence is  ■
i
^  if*  K ^
This again*' by reference'to- Figaro 6* is  quitg possible* 
and Incidentally# agrees with tho lower tomperc'tnre ■ £br tho !
P * y 0  botmdory# thorvgh it . is  d if f ic u lt to ’tmdorotaad why 
alloys ^Pn and 'nl n $ with higher aluEiinim contents* f a l l  to  go 
through th is  m quonoQ *  •. I t  Is* of course* possible tha t tho 
aluminium .contents were not ossactly determined b y  analysis* sine© 
'they wore determined by difference# ■ ' •
._, Data presented in  Chapter 10 showed that famaoo^oooling 
to 7O0°Of . followed by isobhomol trcsasformtlon* gives tho 
identical duplex o/ structure observed in  tho quenched alloys* • 
and strengthens the oougI usIob- tha t tho DIA1 *phaoo Is present* 
since tho nickel oontont of those alloys lie s  in the rimgo 3®Q *** 
3*9^* -■ ®his kfiould give the H ill phaoo as olioiwi in Chapter 2* 
Figure 4 \ ' ' ' ' , . > , - - .
' Mj th is  stago tlio analyses o f  th e  s t r ip  m a te r ia l1 wore
©uepootod# elsee  conooraaat r e s u l ts  p i th  published worls could nob •
' - ■■ . . . . . .  f ; . . . . ■ . .  .
bo obtained fo r  the  ©c ^ p / p  - boisx^hlos o f the  p lain -alloys*
fa p lo o  were th e re fo re  analysed, w ith tho reoul s o o n ,  
in  Table 59® ' ■ . • ■.,. . '
"’For.tho  chooto chemical analyses*' alunilnitm m s  .• • • 
dotazdisc'd by e lec tro ly s in g  out Ur ^  ^ary cathode* cnionia : , ■'.
;" . . V. . : .
■ 5 ■ n ' ' ■ - r '' ■ ■ 7separa tion  and i^ a l l l r g  to  J\ig€u a t  l£pQ°Q* Copper tog' c&cto’ :
<loton.:inoCl5 3 to ta l  'analyses adding up to  a to ta l  o f  99»9 ** '
i o o ^ .. . , - ■ . ;
. I t  appears as i f  lo ca l v a ria tio n  o f  aluminium can % ;
ec&sb* p a r t ic u la r ly  i s  a l lo y  *8G?f# .-■ !£ho. f ig u res  fo r  bon n o to r ia l  
fo r  a llo y  appear co n sis ten t from 'the l a t e r  work ,ln to  mGhenioal 
p roperties*  reported  in  Chapters 11 and 12* while the  v a ria tio n  
l a  fig u res  appears to  l i e  in  the  do tom iaation  o f copper only in  
tho p la in  alioninliu  b ro racs, I s  th e  f i r s t  instance* • Tho* ; h i  
continued discrepancy fo r a llo y  ”Bn H oc possib ly  in  the  presence 
o f  co r older ahio olim tea film s vMjM 'would 'so t hove boon tolacn / " ■
in to  account i s  the  eham oat c a o ly s is ' and the therm al analysis
fig u res  have therefor©  boca taken as correct*  and have c o n s is te n tly ' 
boon quoted i s  reference  to  those a llo y s  i s  the  te s t*  • I t  i s  
a lso  sig jiifieaB t th a t  th e  c o rre c t r e s u l ts  aro nearer to  those
enpootcd from the  el: a analysis* In  the eotmlosv brorsos mo* -r f '-
d iscrepancies xioro r o e  in  the labor work o s  mechanical p ro p erties
\ , , ' - 
.tw iag 'bar n o to r ia l  'wlion' oorpared • w ith  the corresponding s t r i p  a llo y s
SSIIXP* ;
/ ' I
— 1
. . .  j
■ 'I
a  ;,b a s ..
ALLOY E xp ected  
T alu e o f  
m elt*
O r ig in a l ■'
A n a ly s is
(D if f e r e n c e ) '
Check
A n a ly s is
(Chemical)"
C h eck .■ • 1 Checkv  
A n a ly s is  1 .A n a ly s is 1 • \ 
( th e r m a l) 1 ( C h eia ica l)
. -■■■-  I
■ '1 ... p  .. $ *  I
: . 0 . 10 .0 -■ .. 9 .6 0 . 1 0 .1
\  ' ' 
1 0 .2 « »
: Q • 1 0 . 5 :: ■’ 1 1 .1 0 , ■ v - 1 0 .3 1 0 .4 1 1 .0 3 .; .
E 1 1 .0 1 1 .4 5 ' -  1 1 .2  " ; 1 0 .7  v ;:
' 1
1 1 1 .5 \ 1 1 .2 8  - -  1 1 .2 . 1 1 .1 ■* »  ' |  
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Grain Coarsening, cmd P ltlm tQ  Oratn
' " fhe  tci-pem trires «& which nasfescl g ra ta  coarsening m a  
aotod ore a lso  included la  Tall© 38.  was p r io r  to
: disappearance ©f prlsaory ,  asad t k s  does no t boar o a t tko ' 
con tention  o f  bon expressed th a t  onso th® stru c tu re  i s  freed  
from <*x g ra in  growth occurs, N either i s  there- asy • re la t io n  
to  in h ib i t  ion ©f g ra in  growth by the  Iro n -rlo h  phase, which nom & ly  
disoolvod .p rio r to  th is  tenporotare® b a t in  too in stan ces , a llo y s  
*?I1S* end n0% coarsening s ta r t s  p r io r  to- so lu tion  o f  the  Iro n -r ic h  
phase.
p. Passing reference was m le  in  the  p re lisd m ry  work to
the re f in in g  e f fe c t  o f  the  th ird  a lloy ing  e lcaen t on trio g ra in
sis© o f  - Glucinium bronsoo® Tho fig u res  ©bsenrnd throughout the
main p a rt o f th e  work fo r  th e  f in a l  g ra in  sin# a t  1000°C have been
co llec ted  together in Table 40*
For the.-O^CtSD11 (1 .5  s t r ip  the  r e s u l ts  show th a t
heating  above the  f / P  boundary gives sa  increase  in  g rain
e ls e , bu t th e  d iffe ren ces are no t l ik e ly  to  be s ig n if ic a n t , since
they are  roTtJ^Vy o f  the  sob© order o f tho thickness o f the  s t r i p ,
to
which has been shown to  l im it  the  tru e  g ra in  s i s o . a tta in e d .
However, t ] o 'Vtin sis© a tta in ed  in th e  s t r ip  showed good agreement
w ith  those obtained- on the  ends o f  JoBiay to s t  bars (5 £$£•
diam eter) heated to  1000°0 ,  and to, the  largo  hors ( 7 oa* d ieoo ter)
o
s im ila rly  h ea ted . to  1000 0m l a  which tho d is a s te r  o f bar was la rg e  
" la  r e la t io n  to  the  g ra in  else* The only r e s u l t  which was no t
TABLhI 40 o
w i m  iii n     iw r i ig w ,  ,n i m  irrrrn
CCXESCTED RJ3SULTS POE GRAIN SIZES®
v-rait.F,
G«G60!V s t r i p  
Jom iny
m  b a r s
0 .0 6 0 " .' s t r i p  
Jom iny  
L arg e  b a r s
0 .0 6 0 "  s t r i p
0 .0 6 0 "  s t r i p
0 ,0 6 0 "  s t r i p  
J  om iny 
L arg e  b a r s
0 .0 6 0 "  s t r i p  
JoBiiny 
L arge  b a r s
0 .0 6 0 "  s t r i p  
Jom iny
L arg e  b a r s
0 .0 6 0 "  s t r i p  
J o a in y  
L arg e  b a r s
0 .0 6 0 "  s t r i p  
J  ominy 
L arg e  b a r s
0 .0 6 0 "  s t r i p  
Jom iny  
L arge  b a r s
0 .0 6 0 "  s t r i p  
J  ominy
L arg e  b a r s
A v. EiiiiC'ii (J j A JLii S Xij-B (m m .) iJ’CE 255MPEE ATUEES (°C ) OP
650800
“ - j " " "
1 0 .3  -  0 .5  
i 
i 
I
I 0 .4  -  0 .7
0 .3
1 ,5  
0 .4  -  0 .5
0 .5  -  0*7
0 .5
1 . 5
0.1
5 ~ 1 . 5
0 .3
1 .5  
*4 -  0 .5
1 . 5
1 . 5
0.1
1 .5  
0 .7
0 ,4  -  0 ,5
0 .7
1 . 5
1 .5 -
1 . 5
0.1
i 2 .0
0 .7  .0 ,7
X.!
0 .4
1 . 5
1*5
1*5
0 . 2
►25
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2 .5  (3 .!
1.0 -
1 i *•» • ,
2 •! 
2 •(
1 .!
3.*
1 .!
1 *!
l . l
1
0 .7 5
0 .5
1*7
0 .!
2 .!
OV
0 .7  -
2 V 
0 .5  -
co rre c t ima for tho  Jon lry  bar which lied & g ra in  sis© 5
tin e a  th a t  in  'tli© s t r ip  or bar form, sad to  a  le s so r  enbent, tor
a llo y  ts0?l In  th e  largo  bar fom#
JVbbaitloa m a t  ho drama to  the g ra in  eisoo observed In
t!i© macro-siruotiiroe o f  th e  doslry  Lars included in  Chapter 11, .
Table 3®* to  which only passing reference has boon m fio, l a
m o t In; uo. cos tliere  vmro two grains to  the  trl&tli o f  th e  ground •'
f l a t  (5  S3*) b a t In  a few oases th e re  m o  mrlsod g ra la  i^ fln en o a t,
which ooinoMod w ith  tlio peak hardness o r  ju s t  beyond I t  !*©«,
a t  th e  appearance o f  ,# This eppears somewhat against any -
th eo rie s  o f  g ra in  e lse  In  re la t io n  to  Quenched a llo y s In  which a
»
outeotold eSiosgo I s  involved, sine© on© would haw  ©imocted a  
uniform grain  s ls e  along th e  bar*
Thor© i s  thus no support In th is  t n s t  fo r  tlio con tention  
t l is t  heating  the' aluminium broases above tlio oL^p/p boundary 
glvea rap id  grain  growth, though th is  i s  evident l a  th e  ease o f 
a llo y  ttS% This la  possib ly  due to  the  Inherent g ra in  slg© 
of a l l  th e  a lloys te s te d  being largo  i n i t i a l l y ,  as a  r e s u l t  o f  
th e  l a s t  anneal being ca rried  ou t a t  95®°®* On th is  b a s is , 
a llo y  *7® alone. le  in heren tly  f in e  grained (xrlth reference  to  
heating  sb 1000°0 ) .  I t  would havo been ©spoctod th a t  a llo y  nP° 
would have been s im ila rly  Inheren tly  fin© grained , since i t  I s  o f  
s im ila r basic  composition, -.but th e re  i s  only s l ig h t  In d ica tio n  
that- t h i s  a llo y  i s  a lso  fin© grained .
■. On the  b asis  o f previous work reviewed in  Chapter 1 ,
©sd chocking ikroiigh Table 42 fo r th e  e ffo o t o f iro n  on a lloys 
heated to  lX d °0 ,  i t  sooos th a t  the  add ition  o f 2*42fS iro n  ©lose
(a llo y  gl^es so refinem ent and th e  fa r th e r  add i t  ion o f
n ick e l (a llo y  WS”) m y  give th e  d ig ression  th a t  n icke l i s
responsib le  fo r  narked refinonont* Tlio o ther alloys# n0n,  ^X**
end "L" I'0iB?Ors do s o t  oupoort th is  contention and i t  i s  ©sly
in  a llo y s  WS?? esc! containing the  h ighest i ro a  ©os’; nks o f  th e
se r ie s  (F© 2*84n and 2*73^5 th a t  mzdzsm ro f  kionerk i s  noted*
Tho a llo y s  "X** . to  ^O1’ i s  Table 40 have been arranged in
■ ascending order o f  iso s  c o n to rt to  erphasioo tM s e ffec t*
■' Cost o f tlio a llo y s  in  bar tom i s  C harter IX* Table 3^#
152
shooed ©quiased grain©* This wao a lso  noted by T t ksi* The
, g ra in  s i  20s obtained in  t h i s  work ©orp&red very favoiarably w ith
Dennison1 e la rg e r  boron re fin ed  ingests o f 5?} "* 7n dicoaofcor* la
which o o o a s t  g ra in  else© o f  0*5 — 2  m* se re  obtained*
. ■  ^ 107
1tosherg and la s l^  shooed th a t  3*7n iro n  in liib itod  grain
• . O  1growth a t  f€O'0 fo r  periods up to- 1 hour* M o  l?onwer i s  h igher
than soy iron  co n test inolndod in. th i s  work*
The e ffe c t  o f  i ro a  (and n icke l) on tlx© fineness o f  th e  %
©utoetoid w i l l  have been evident from Ohsntor 1* f&r th e  enreaXod
. ,  . 53
a llo y s , as- noted by Tntaka* . Tlio m eh m io a l p ro p ertie s  o f  th e
hardened and tcciDered a llo y s  s!o t  no iarsrovceent in  ton oil© stren g th
- ~  132
. and e longation , though i t  m s t  bo s ta te d  th a t  Dennison, only found
j- mrlred improvement for as«-oaol3 alloys* Taking th e  inGoIrmioal,
to s t  r e s u l ts  av a ilab le  fo r  th e  olsvooolod a llo y s  alone* so
** 1 4 1  *»
deductions can 1x> md© 15008000 o f  the  inherent strengthening o f 
the  m tr ix  by the  a lloy ing  elecsGnfc*
ffffeo t o f  I1oat~%r<^t^nt on Properties*
■ Exandjmbionof Chapter 8* Figaros * $3 65 ~ 71#
Trill s !w  blsat" in o il oases the  *  * * /< * +  ? fcOiT&y prOOOdOS
tiro ninina in tlio hardness ©mro# wliioh la  four instaaooo areflab*
F urther, i t  I s  inteigsbing to  no te  th a t  tho hardness o f  tlio Simamo^
oooled a llo y  decreases to th is  o ia ln ro  and th a t  i t  dooroasos
p r io r  to  tho bounJury* w ithout any apparent change in  © lorostructure*
I t  could, o f  course, voo a  lo ry  using e ffec t#  though i t  tms f e l t
-from tiic soruotoro V a t  th e ’a llo y s  wore ia  eqaiX ib rim  re su ltin g
frcn  a  ale??? furr,cwo oonl# - ^h is  fooroaso ia  Imrdaecs i s  poooibly
m o to  in c ip ie n t esluuicn o r  ophoroM isotioa o f  hu t Ims 
 *•■• - - ■• • -   &*
320b beer* provio'scly noted l a , tho l i te r a tu r e *
a ho f l a t  v a lley  s l ig h tly  beyond tho  <**4> <?«-4 p boundary
i s  nrocm ahl^ duo to  e o rp le tio n  o f  so lu tion  o f  and th@ 
gathering o f tx>nc:?biT.i o f  p * w ith  iaoroase in  hardness# end tiro 
flaw- i s  ■ -ubsas th e  UiXoaeir-g up ©f tlio t o  c om ag roaotions* 
hro r  t lc s 00; p ica  Xavrooj the  h iil l  phase ( i f  t h i s  i s  the  duples 
7.^  constiuucsnt) broadly defines the  o th e r  end o f tho f l a t  portion#
: th e  a llo y s  eonhnirring bclccr 2 - n icb o i do not s ! o t  any f l a t  end 
lionoe no tIu'oe-pha30 Hold*
• ' . XXxo fo ra  o f the  r i s in g  p o rts  o f  Vie ensures m i l  now be 
•■dismissed p a r t i a l ly  by ■reference  to  f ig u res  146•» 143# whieh 
smi:inrim th e  re su lts -o b ta in ed  in  Chapter 8*
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I^■nperature -
FIGURE 146* Comparative Hardening Curves for A lloys "G", *Hn and "I
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Comparative Hardening Curves for a llo y s  "I1*,FIGURE 147
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enperature -  °C#
I^GUEE 143, Comparative hardening curves for a] 
"U", "S" and "0".
„ ; 1 4 5 * fo r the  p la in  Inxnines* ohotig c le a r ly  th e
pcixrihX isifluenee o f  tlio earnes f a r  a l le y  ”11” or®
those ccg&otdd *»■ m tor^guoaaM ng boznQ scnesanry to  yin© 
rrmiriuo Imydonirga, oil^km doninq being $q% qaibo su ffic ie n t^  and 
ct~>*oooling giving no s ig n if ic a n t hordaolug* Slid p o s itio n  Xo,
I o w e ? ,  r o ’^ rro l fo r  a llo y  mid maintained fo r  a lla y  "H** ' 
hofsover, tho ais^ooolod a!l©y# bhoanb s t i l l  ©onGlstiny o f  
p ? - Tjhoai oooled from 1000°0# sbmm liardoaisn n ea rly  as m nh 
as fo r  ,i/aior^qi»no!iin2»: Tho p o sitio n  fo r  a llo y  <*£w i s
com pletely renrcrsod. and- tho  aix^eoolod m ateria l i s  hardest*  ' Tim 
s tru c tu re s  o f  th is  a llo y  fro a  ?00 to  100G°v - era  ao ien la r |* ** 
la  eu tsy  oaso tho  rsostaaa lay^nesa i s  a tta in ed  by oil«*qnoBoMng 
■ e lloya ' ©xs&" ”11” • in  tho p la in -a lle y  series*  The re la tio n
o f  tho rnhbniri hardness a l t .  1 ,ed in  tho  plain, a llo y s  i s  shorn
in  l/Iprre X4y* t.’&Uk i s  ole ccly sim ila r to  those le to m in o d  by
• ■ 2D
©sreepb th a t  in  the present nork th e  p rec ise  shape o f  th e
: p ree ce ir  • erirees i s  kaoon* .U ntil new m  precis© es-rpXanation
1ms hem o ffered  in  tlio l i t e r a tu r e  fo r  tho share o f  tlio ei*rv©9#
• : ■ . : ; . 49
v-dcd evcit Carpenter iml Eobertsoii do no t o ffer-a- rat*  I  ■
enploaafeion* -. A s im ila r qvsw fo r  the oagg&eot al!o;*s o m o t
_bo p lo tted  boearse o f  th e -d if fe re n t irarialHes#
Ttm hardness of the  famaoe«K3Col®d alloys i s  a lso  .
p e rfe c tly  e&plioable since V g i s  considerably harder tliaa °< and
the re s u lta n t mass liardness i s  a simple in n ta re  o f  tho too*
The enrnes in  h i gar© 149 f& r. a ir-co o lin g  end o i l -
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FIGURE 149* Maximum hardness developed for stated conditions 
o f  cooling and subsequent tempering showing 
v a r ia tio n  w ith alum inim  content*
hardening are  qXozqI-j s in l lo r  i a  ohtgo and oliora^tosfistios to  
th a t  given by Uib eartxx» content in  s to o ls , which co n tro ls  tho 
harchaeos o f tho " zooytGnslte ferried* Xt can time ho soon th a t 
a  c e r ta in  s in b n ii  a ln n in te i oon ton t-is necessary bofero air-* . ■
hastening tabes p laa e , i*e* , ®a& th is  i s  supported by
siXi&y in  liar fona (AX 11*03$)# vMcii 'in tho  JoEdzgr t e s t s " 
bohssved as m  a i r  • hm'ti&iiag and feeing a llo y  beyond tho f i r s t  
ta^p*
. 1 ■ Cll««!iarAtKiin2 gives a  e ie i la r  shape carve# .and as 
would he eacpeotod, tho rdninua s lm in iisa  con to rt to  glue hardening 
la  X m w  than fo r  the  a ir-co o lin g  curve*, o il-harden ing  being 
ia o u ff io i *>ly rap id  to  re ta in  a  hard' (2 ® w oa w ith  th e  lowest 
siursiBi'ora oonttmt o f 10, 1$ Ib r  a llo y  ’ '
Beaaiuso tho watej^fpiionchod curve i s  a s tra ig h t  l in o , 
end deoreaseo- -with incroaoo in  altcdniuia oontoat# i t  suggests ' 
th a t  p I s  being re ta ined  mil i s  s o t  being transformed to  |3 * 
ju s t  as an s 'te iito  i s  re ta in ed  in  s te e l ,  due to  th e  Ula tosporabur© 
being a t ,  o r  below, roco tetiporatisre# as- €kmm. in  Chapter 4 , ' 
Figaro 17*. This shoim th a t  th i s  should nob toko ploc© u n til-  ea  
alusina.un content o f  well, beyond 14$ i s  reached, but doubt has 
©Iroacly been tk ro m  oa th is  eunro in  Oliapter 10 in  in v es tig a tin g  
tho isotherm al ch a rac te ris tic s*  I t  should be noted th a t  tho  enrw , 
tot a llo y  **1* (A1 11*2$) # oil-qucaohod, can he -ooacidared 
co inc iden tal w ith th a t obtained by tmtor-quoncliing* Several 
l in e s  o f  v e r if ic a tio n  o f  tho shape o f  tlio mtoms vmro av a ilab le  i a  
tho present investigation*
-  144 -
Cl) Haby© o f  t f ^ anteo foanod#
Oa ®mroz&l ooo&sic&s camples o f  a l lo y s ; **1” ond tfl E% 
ttilo li lias loan pollshed. fo r hi^anoso to s t*  wsro rt^fJonohGcl#
S?ho Qx&tmo t  .r» sliaaed irrideoaonft IMivMaaX grains* whiotx 
©arid only ba yenOTQd bp po lish ing  ©a ci rcmgh paper* whore&o 
normally a- t ; ;r  to w e rin g  00 paper world saffiao*  flie  e f fe c t  was 
m oli lo ss  m rked la  a llo y  f?'0f!* Tzm elthogg^i dilateCiabor 
readings in  iec^bem al treaofem otios, slioaed l i t t l e  ©bongo i n ’ 
length* blia wX-oma obcxsgp ©a eiaDnahing i s  apparent*
Cmreral -b$q&1qgsss o f  a lle y  *?** hM to  be r e s ta r te d  e i i  
doforssation r j  v g p q  w  ? red round th e  i&preaslcns* Specimens 
o f  a llo y  "I* s a i l o r l y  w X increasing  do fo rnatioa  hands with 
increase  l a  o r ig in a l  p a rc h in g  tenpcratrr©  ©conrriag in  specimens 
qamohocl in  o i l  frees 7’^ *  ©3®^*
I t  should bo noted l&oetrer th a t  th e  normal diamond 
hardness isp ro ss to a  mark© ©ansod so each defonaaticm -isaFks* 
impressions characteristic o f a quemi^to-dcsiod material being 
obtained* . iho. change to  1 m artansit© i s  mosiaaily only detooted 
bp SUrsys*-
C ii) Iloyer Indes# 0
K.TSS** •
0,060° © trip epooinons wore nsed wMclx w oa' fo r a  load 
o f  30 %' moots tlio re t i r e m e n ts  o f S»S»3,24Q fo r a ' r l n t e e  
tM olmoss o f  specimen* 0*040” m te r i e l  i s  s u f f ic ie n t  t/hen th e  
hardness i s  B rino ll 100 t a r  the  r e t i r e m e n t  th a t  th e  thiolsaess o f
** 143 *».
speoiaoa m sb  h® mm than 10 x fiopth of inpmoclon* A vl©hors 
m cM no t/aa usod vd tb  a  1 m* b a l l  • and loads o f  X0# 2d and pO Kg* 
The -diG&obcir o f  th e impressions rma p lotted  against load to  ensure 
a s tra ig h t  l in e  rela tion sh ip  and tlio hoyer indos, *n* m s  thoa  
eolculatod*. using logo* f re e  tlio follow ing formula ««*•
S '*3*
t/hOpO I* * hood
& * * la: otor-of fcproasion
a#: B s  Constants
fro n  t! i is  re la t io n  **•
n & lo s  %  -  *>£
log clj, ' *• log dg
'plioro »,*. g* In d ica te  loads sad diam eter o f  
oorrocpoiriuing Impressions*
Table 41 slices tho r e s u l ts  fo r tho annealed alloys* Yiiieh 
a re  included in  th i s  sec tion  as a  m atter o f  convenience*
Tho re s u l ts  o f  fu r th e r  measurements on tho quenched and
tempered a lloys a re  given in  Table 42 fo r tho th ree  se lec ted  a llo y s,
21
O’l le i l l  p o stu la tes  th a t  the heyer indos: *n9 i s  a  laeastiro
©f viork hardening* and th i s  has recen tly  boon taken fu r th e r  by 
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Tabor* Tdio foo ls th a t  tlio indon sa f i s  a  fuadaoGEital property  o f  
tlio m ateria l and ©an bo co rre la ted  m th  the  to r  o lio  s tro ss^ o tm in  
•carve* For annealed alloys*  f tif i s  s ta ted  to  b© opp3o n isa te ly
2*5 tM le  tiork hardening gives decreasing values which approach 2*0,54 ’ ~ ~
Iloyer gave a  se rie s  o f  values varying fro a  2*1 to  2#5 fo r  a  range
o f  am oalod m aterials*
V' - - \ ■
■ ■ ■ , ' /  - v
' : ' TABUS 4!» ~ '■
MilSR IIB10ES : FOE AIHIAEEB' ALLOYS * "
ALLOY
v . r . s .
d o  K g.)
B r in e l l
( 1 / 5 0 ) LIFF^^wi CL *
■ Index 
’n*.
:U X591 j  136 /  ■ ' +3' 2*10 '
G 145 . 148 y -3 . 2*46 -
' ! H 2Q91 .-' 207 : 2 .23  "■ . !
X '294 .. . : 292 ■ +2 ■ 2 .32  
»
; K "
1
174 1 7 5 . ;:i: = ■ -3  ' - ' : : 2 .22  ' "
: jr. 182* 182 ' . ■ . 0 ; 2*25  '
0 198 ■ 198 0 2 .3 5  y .
■: I 1671 173 ~8 : ; 2 .3 5  '
1
■ V a lu es from p rev io u s  work* 
2 ' T F .P .1 I E r i n s l l .  : —
I t  w i l t  h o  sotod th a t %* -socos Idg!* 2?.t fo r t h o  ennoalod
alloy a t £*46* mid lowest f o r  alloy with alloys cM
oooi5gyiag ' istem-s&iato positions* Erca tho T?os*k ia  propping
those alloys* fable '21 chaw s tha t only limited ©old- ro llin g  ©onld
bo perfomed o n  alloy * 1 %  T h o  values for tho reaaljilng alloys*
nZ n *» XI© in the range 2*22 ■** 2*35# rMoh is  sim ilar to t h o r n
4atominol for alloys **11” m &  °Xf*# yob CMptor p* 2abl© 17# again
olrrea tha t oOHsiderablo reduction could be glvoa with l i t t l e  or so
edgo- oraahiBg ©©ousting* fhu3* la  tlio case of elm iinim  broasos*-
tho beyer isdon does so t a t f i r s t  sight giro moh guide to  tlio
qeou&& of x io r k  hardening vfidoh eon be perforood* I t  i s  possible
th a t tlio preoGsoo of a aon-otibio phase ( K g) nay h o  introducing a
p o s i t i v e  e o r r o l s t i o a  c o e f f i c i e n t  h oh w ocm  s a f  a n d  P u * u l t i o o t o
■ j
ball hardness number* as suggested by Pinaictoa ©t al*.
For til© qmn®h®6. and tempered alloys*, enncilnaMon of
tho resu lts  ia  X'abX® 42* in  eoajmotion with t h o  hardness values*
reveals that alloy ' o ! »  a steady r ise  ia  t h o  value for % f*
td th  'iBoreaoe ia  hardness up to $QQ% 9 followed by a second r ise  
oa t  C*- She f i r s t  Increase ia  fa f up to  500°Q is  • anoxaolGus#. 
siac© i t  would bo _expected th a t the ooaearrest iaoroaoe i n  hardness 
wuM  give less p o ssib ility  o f  boing ©old worked* The eooond • 
Mgh value for fa f of 2*59# at ooupled with a  low hardness*
oorparablo with that o f  the .furnaso-ooolcd alloy* is  to  bo 
o^pooted# bat tlio fursac©«coolod rxaterial which T?oaXd ro l l  h a m  
hod only a value f a r  %* of £*Xf* ■
14?
TABhB 4 2 ,
QUENCHED AHB TEMPERED ALLOYS,
PlffmmiMTIOK OF M 1 E  INDEX.
ALLOY MD HARDNESS .
U , H
STATE ¥111(10k g)
B r in e 'll
( 1 /3 0 )
D i f f e r ­
en ce  -1 n
YP1L
a o M i
B rin e11 
(1 /3 0 ) .
D i f f e r ­
ence^ n
VP
(1 0
Quenched 2 267 274 “ 7 2 .3 4 242^ 259 -1 7 2 .3 6 -2
‘Tempered 100 °C . 243 236 * +7 2 .1 2 270 282 -1 2 2 .2 9 2
« 200°C . 265 272 - 7 2 .3 8 277 288 -1 1 2 .3 0 3
H 30G°C. 293 292
<
+1 2 .5 0 284 292 - 8 2 .2 1 4
It 400°C • 188 185 +3 2 .2 7 287 292 - 5 2 .2 8 4
ft 500°C . 150 151 - 1 2 .3 0 201 210 —9 2 .3 3 3
n 550°C . 144 144 0 2 .5 9 197 197 0 2 .2 6
n 600°C . • • - - - - - - 3
« 700°C - - - • • - - 2
F urnace Cooled^ 1394 136 *3 2 .1 0 to o VO 4
s* 207 +2 2 .2 5 1
^ D if fe r e n c e : V »P.H .-B r in e  1 1 .
I ,  Water quenched from  1QQG°G. 
H» O il quenched from  1000°C •
^Furnace c o o le d  from  93Q°C.
^V alues from  p r e v io u s  w ork .
T&o dda ia  tho *nf ’rs l’oao for alloy syo too
small to  sIm  m y  defin ite  trend* Alloy ^S1*' shoos ehoages ia  
values for *a* th ia b  or© $»• the eorroot msse* .i#e*# isoroasiag 
tcsgxsning. tosop^afcpa- Ssoroases dcoroasos wortahl ilty>
ana hone© tho %f ya lses decrease* ' fhoso trends era tbfcre-aitor 
' royereed with © ic txaaouloas re su lt’ a t * flioy aro# t e ? o ? #
98' *,« - la r  to the t i  o f a  shorn by a Mgh *. o n  stee l (hiring tonyor lag* 
Ib addition the fnraaae**j. “ N ’ sposlsm  Md a. yslso trMoh would 
iadioato loss yo rhab ili^  A .a a quonohod spaoiooa-inarmed a t c00°0# 
a  desalt which t^-uld so t he Justified  ia  th e  lig h t  o f p ractica l 
e* ^Oi-ioaoo ia  the cold ro lling  o f these alloys* -
There is  thus so a re n t ro la iio a  VotrjooB ‘the- fogor 
'is&ess t a f rad the rm r &  hardeaiag ©opacity o f the series o f
hroases* ■ /
ITalaos £ai* ©easuro&'on gtioaohou sad tampered aloEaialcim
hrOEses. slice? that-tho Andos i s  so guide to  the capacity fos* ooM 
ximflcAng* m r  So the iMvjkts* esooat i s  alloy **£% show ^
■ clmngea s ia i la r  to  those ia  steel* Tho yC.apo o f tho tempering 
' m r v m  and the’ resu lts  o f doainy te s ts  £Or alloy  fl2ff are* toseror* 
Adoatlosl with tlio so of other alloys*
( l i i )  Bmr on tilth  Polarised tight*
There are only a i® / references to the n m  o f polarised
■ ■ .;■ 14 ; ‘
lig h t for estaninatioa of alanialtia hrcasos* 0* Jonos* ia  ly8%
©srsained an altminSm broaso (A1 pnj aa<5 found varla tlom  ia
c o l o u r  a n d  i n t e n s i t y  o n  r o t a t i o n  o f  a.  s p e c im e n  e to h o c l i n  a c i d
fOfTie. Chloride* '
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> >Z&dhG?Q tod leah ohrXo tha t there ia  sooe tsrofortmtial
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orientation a f  the pha^e* virile lo th  s ’ 'Ice C ’c,h (&1 .
oarbaESito#. vMch i s  toteSGPiaal* gives b ir xh. 'cowc* - Ib ■
12? ' " : 
diccuscionA lie f e l t  th a t the effec t is  strcngcr than oso sliouM '
: . 104 , ■■ ■ -r ' ,
c j —' « CJmgmsi also mod polarised ligh t. ia  following tho ,
* M liir f  o f o - p ies aluninlixa hreasas*
*• tJsisg geleroid sheet fbr tho prc ^  "b m rh  proliDki-osy 
'm m o r ^ m n b Q  m-re sm ried out <m a hcsael'-V-.^ Giorosooge* .The 
in ters ftp  o f  X£g*it o^ailablo m s Imsoffieleat* md a  y ie te rs  
Xho^ebti'On 1*  ^ ^0  assS a oarboa ore iraa therefore ase&*
. . .The preliminary to s t  bora* Chapter IX* trar©.<axa3Saa& 
far mistropg* /Os, rote&iosx o f Urn stage* eaok egoeinoa. gar© 
tho four c a d m t  tlio effect being naro oarhed* the nor© tho 
' structure ® s  asianlm * fhor© oa <*■ 4 f  * structure m s  pr©sca1% . 
only ji1 ■flashed 0:1 r o b ^ b lz n .  m &  the |8f phase only appeared ' 
coloured* tlio phase rm tfn ing  aautr&X* I t  m s eo f i  tha t tho 
structures mob zaa?®- d e fin ite  m ior  polarised l ig h t  1hum ■ 
ardor sorsaX •ofiito 1* g h m i th a t etching m s  sooessary to  obtain 
defin ite  response to polarised lig h t* ' fheoo em oriam ts thorefbre 
suggest *th.at f 1 ia  so t cable* ''
(iv) Sub-goro Troatnorvb* .
T o  fiod tlio m ture of tlio ji f produced by qmmhing 
sa l tho effect of tempering* various easgioo luore cooled to 
•*7?°4 The resu lts  ore given in Table 43* Tho ehongoo ia
f T |  *
M if M n_ (V V 0^0 -V4 *
i - -----  |
allot
MATERIAL 
M m  USA! ■ ■
■ THE A 2 • ( a )  - ....«Tt>>. . . . . . . . .
m i  m ~  1
EBCB 
(b )  — (& )
■a B ar~ lG D 0°C •. 
' W#Q# 247 ' « 248 4*1
,.x ' si » n « 303 . • - 301 - 4  .
‘ I  • \ M tt tt H 292 2 8 8  ' « 4  . '
£ Bar~10Q Q °0 * 
O.Q# ' 340 . 3 4 9  '• ' 4 9 ;.
'  0  ' if « n it ' 354 ' . 555
\ ■ •
■ ' 4*1 '■ ■-
U ■ Jominy -  ..-
quenched-, en d . 262 , 2 5 2 ~xo -
It' ■ If IS ft .251 247 \ • 44
,0 ff tt ft ' ‘255 2 6 3 . . 4?
(a )  ‘ As h e a t t r e a te d *
(b ) A f te r  tre a tm e n t, a t  -79®0« f o r  30 m inutes#
/
hmkiem  ere ia  m  -tray. im dieatiw  of any sfcriaatoral change taking 
place* ;ss .tokos place tilth. retained onsbonito- tfGaaf^fnisg. to '  
m rtenslt©  ♦ t h o  change la  ¥I1J hardness fo r the alsnininn broBg.es . 
tested  Her In the r m g ®  4*9 to  **10# w h e r e a s  a 4ji1 niokol^Ql^otloQ
caso*4iar£l©sing stool# s ln ila rly  cooled to cam Increase ia
■:■' ■ " 7 6  .'
hastiness from 17X11 7 2 0  to  0J>3* The figured also shot? tha t 
samples ©spocted to -hove retained pf (end of dosing toots) and • 
a llo ts  WG% and nKn (mtor^quoaohod) and alloys “K” end n0n 
(©iX^t^nahcd) did mot -sheer any ©hosge in hardness#
The possib ility  of s tab ilisa tio n  of od p *  for
oostemito ia  stools has been kept ia  miM*.trat i t  m s not possible 
to  arrange ©spsrimontally for tho trea tm sb  a t «*80°G to  follow 
Srx&diQ&ely ©a quenching* Reference to t h e  rosoorch work ©a 
stool shorn that s tab ilisa tio n  oooura ia  tlio presence of Eiartenoit© 
bat tho effec t is  Dor® significant for high carbon contents tm l  
i n  tho alloy stools* trhll© ©hromimo and possibly other ©arbid© 
forpors also increase tho effect* Further# lowering the 
temperature for a stabilised  steel induces less transformation•
a t f irs t#  but the to ta l amount of transformation is  the oboe a fte r
. ■ ■ 130 ■ ' ; -. 
long times* TSms i f  the aloDiniisn b ro n zo Q  coatairod retained (3 *
transformation to, p f ©herald bo espootod# sine© alloy ^U0
{al^ininm  10*1 and a lloy  °-'.n (airminina 11*03/*# hor form)
were included and also several o f the aXloyod bronzes* Those„
correepQnd with losr end high carbon* and alloyed ©tools# although
high carbon steels in th is  contest m xm ®  tho hypor*»ent©otoid' alloys
since tho of foot is  narked' in  ease hardened alloy  stools*, Tho 
Mglioob aliEiininn content (alloy ”0° j . i s  hypo^irfeotoid and the 
quenched c3tolrJ in  bronson give only % < n t u mc^tcooitio shrucr'kires*
'• (v) ;-Structure© foreod on R eaching*
■'T-’ fcJMi—*W*/C* J». ■»«». JtA W a s ito  ia  stool .la  associated with a slight' 
aciewlar structure* moh significance has boon attached in  tlio 
lite ra tu re  to the presence "of an acicular structure ia  a ta iin iua 
bronsbs* -' The femabion of a onteotoid structure* ond i t s  
snboogiaont solution on raising tlio temperature* a l l  point to  a ; 
martens i t  io trcsnoferoatioB# though nosy anomalies es&st* The : 
Quenched structures wore1 'felly  illu s tra ted  i s  Chapter 8# from 
Ttiioh • i t  w ill be no tod th at aoionlar structures are formed* I t  
should bo pointed out# however* that in the plain alloys the loner 
the aluminium content. the tor© o n  ;aoioyXar «*. type of p *  structure 
was formed* as ©bows in tho' photomicrographs gives in  Figures 57#
59 and €0*- ' I t  i s  d if f ic u lt to bo defin ite  on fee iden tifica tion  
of «( |  wMoh however sees© a  fa ir ly  defin ite  "constituonb# bat 
tlio 9 cr aluminium alloys, do not contain th is  «. ,... Furthoy# the 
lower aluminium alloys resemble.; in  'structure low carbon m rte io ite  
compared ;& hat. fomod femvMgher '-carbon steels*
Study of photomicrographs in Figures 74/3 «nd 7?**79# 
ia  Chapter 0# w ill sliow the marked variation in  structures obtained 
a t d ifferent quenching temperatures * although o il  are nominally a 
(£ 8 structure* fable 44 attempts to sumariso the temperature 
above which the aoioulor ■ structures so longer appear* though th is
' . ^ABia 4 4 . ’ ; ;■
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, * fFr^PTftATl!t>-c«3 On sAiiij. v  ©
<* + ? /> EHD Of ACIGUMB SERBCTtiRB '
ALLOT Boimdary .
Oil-Qm@neh fa ts r-Q u e n c li
V  ■
A
'"' 900.;. > 1000 - > 1000
. ¥ 850 > 1000 >1000 .
■ ii 800 ' > 1000 ■ > 1000
i 700 > 1000 >3,000 : •
: K : 920 ■ ' 9501 9401 '
L : ■•■;■ 940 A 800 9101
p , ■ 930 7001 >1000
■ , X ' : 950 7001 ■ 100Q1 '
■ ' 1 820 . . 950 ; > 1 0 0 0  ■ ■ 1
S . : 940 ' ‘ 950 8501 '
■ 0 ' 950- 9qq1 >1000
•hsciaa g ra in s  on ly  a re  a c ic u la r  and may i n  
given' ca ses  s t i l l  c o n ta in  p rim ary  <* • • ■
1a d l f f & a l l t  s in e s  th o  m im lo r  e tnw fcnr©  © fto n  p e rs is te d  in  obq 
or  tw o a roas oaly»» I t  la  a  fo o t ,  l-m im or#  th a t  th©  s does 
tend -to Oiumge frcei a  rmxkodly asiouSar atruoturo to one © iolv 
is  re la tive ly  s tru c tu re le s s *  . Th© ♦ .rtrp o tra re s  1b th e  e o rp le s
bronseo to ts  Enr" ' v‘ f  d ifferent from tlio so forced in  tho plain 
alloys* lust as m  alloy stool nsrboaoib© d iffe rs  appreciably 
from ono to r m d  in a plain carton steel*. *© to s t th is  point
fhirbheiv sororal ssqplos wore repeatedly ©i©h©d# to oako sur©
• ;
th a t aoioular iwwldnyo did not develop duo to removal of a 
TteiQd surfao© layer* Ho auoh ooieuiar m rks appeared*.
'Ifeonlnnhlcn o f the to rn  of tlio quenching hardness ourveo and 
e f  th© <=^ 4 i4/ / 5 b2tr:v.ary, again elions no corrolatlon# There. is  
th© p o ssib ility  th a t raising ' tlio. tenporatnr© of quenching gives 
a. slower eoollng ra te  sad* therefore* Increases tho tl® terperahuxQ#
■ 1 4 0  .. . . . .  . :  . . . :  . ' ■'
as found by C ottre ll for low alloy stools on continuous cooling* 
ccvl th a t th is  is  aouplod with tha t m t  tha t the lower the
nature ©f formation o f (5 % the m m  perfectly  aoiewlar is
. -  1 3 1  . ■ . '  ‘  ■ ■
tli© structure*, -. ' ■'" ■■'■•
(wl) 1 t  o f i* '” Llloyp_ fitp oJvkI frcB
Bs^oninotion of the r is in g  portions o f trie quenched curves 
Chapter 8#. Figures and'65^ 71* w ill cLcw th a t ' th© oi *+ f / f 3
boundary is  crossed long before tho bareness reaches • a ea^fcun* 
This applies to tho ourros f o r  the plain alloys H5% and f!Hn 
fjator-q-uonohod. md also the le t te r  as oil^quoaoLod* and to  coot 
of the ooepless: alloys nt n ** flGn as water end o i l  quenched*
I t  w a g  e s p e o t o d  t h a t  © n o ©  t h e  oi. 'b o m & ssr j tm &
h e m  crossed that? the hardness would rsaala eostsfcaat* as i s  
s t o o l s #  a n d  conversely t h a t  t h e  v a r y i n g  i n i t i a l  & 9 ~ g a 4 S £ 5 & Q &  
hardness sap* i n i l u m m  the as^tscpored ■ hardness#
IhasHrartloa of the aurros ahcna la  ~* 9# F'inxres
61 «*92# 6003 siot repeal az$r sign ifican t differences i s  the 
effect of tosoering; aa o il  or mhor^gnDnghed speohson* os for too 
same allop# c dag a t various teiper&tnres shove thoot-yjs/js 
hoaadasp ©#g«* alloy “I 1* m te r  or oil^^uenohod*
“© r * fr  ^ e«i im hnsicn c ° h  -g and S*'rT~_ring#
jwfl'awasMsgrosn^fl^wwiXiMW'iitfrCTffltfrfTm^nrffrnffT.gifr.vnD^iflHreirait^ r r g ^ w r i ^
H xlnJng  the tempering oitnres for alloy "I* ia  eid?© 
d e ta il . Chapter 9# Figaro 04# shows that tempering tlio a ir  hardened 
material (original structure p ) #  gires a s c rm l tampering curre 
as on© would erpoot for steels# I t  is  suggested th a t the 
original a ir  hardened alloy ia  fact hardened Irr a c©nb£saticn 
of g~ ■'
a) fo lrh iori o f  ent^ytr.ld to  give a m rte& ssitle
I t  is 'postu lated  tha t a  rarao^aii© shcoilu to
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harder i t s  Sparest” solid  solution, though th is  
la t te r  sta te  is  not defined with regard to  torpor star© 
of t e s t i n g  and i s  di ^vwlto of d o f i s i t i o s #  2a a 
stool# a statl© aastonih© Is ©htaiaed with a  hardness 
of H a 130 (in  ssm easfcas&tio s t a i n l e s s  s to o l), which 
ia  a martensltio s tee l w ill produce hardnesses up to
YPH 000 frcei a spberoluisod fe r r ite  carbide mixbhro of 
hsrdiioss bHI 100 330#. lie such figures cC o ^zr? r ir ia o n
©sdlst for the oXie&attsa brensos,. n o ?  ore the chi too to  
1)3 measured defined fci the libc 3# since i f  the
parent solid solution its to b& t 1 as the basis- o f 
- caqpsrigogi thm. i t s  hard: ooo - i s  Incapable o f  • '
de^cmdkrtlcn i f  a  nirrbensitlc transformation takes 
, plaoo* whioh by definition Is incapable o f suppression#
b ) #  A g e i n g  d o r i a n ;  A i r ^ o o l l n g #
Tbo ra te  o f cooling* ami the observed ra te  of 
agoing 130-tod earlier*  would suggest th a t considerable . 
ageing took place on elr^-ceoling# so tha t l i t t l e  other 
olrmgea occurred m i  subsequent intentional tempering* 
beyond continued or oveivapoing*. Consequently# the 
curve shorcrs l i t t l e  changes beyond the softening 
v/Mch one tjobM expect free CAfor^agcing*
*> *•? ,*  o** f o f t r o l e *  * v v  b  r * 5* ‘“ “ r o ' * /  o f  O o l a t i o a  f  r e a t a o n t  a n d  A g e i n g
( »'a>v3( t "■ s.s r  ,ajt j j *
Consider lag sent the wates^quoaohiag of alloy **1*** 
Chapter 8* Figaro 5p# th is  is  capable of effecting f a l l  softening, 
and is  rapid enough to, re ta in  a solid solution# Oil~lmrdoaing on
the other hand, is  a c r i t ic a l  eooling ra te , oM m p l o i .n o  the. 
considerable- scatter esparieaoM T&th th is  alloy# sooo agoing 
taking place during cooling# Subsequent tempering of those 
alloys# v/Mch are in  a similar quenched s ta te  according to  th e ir
hardness# therefor© giro ’smaller ourvoa# Chapter %  Figures 
84 and 0^# .
Turning sent to th© gurr3h”ng enrros fo r alloy I?UtJ#
Chapter 8# figure 54* i t '  secos as i f  & sim ilar sot o f 
circumstances ©mists, but since the alimiiniuo content of the 
alloy Is  lower- end Insufficient* alr-*o©©l$ng -gives a  lower hardness 
curve than for ©ll^icsm^iing because i t  does so t in  any ca se . 
give a f  *froo from °( m. OiWjartlaning on the other hand gives 
a measure of f  together tilth com© agoing# %
tempering* a l l  give similar curroa# because of sim ilar in i t ia l  
hardnossQs m& structures*
A..sim ilar esplemotion holds for alloy nG% emoopb in  
th is  instance the aluminium content is  much too- low fo r a 
m rtonsiti©  transformation to  take piece o n  a ir  hardening# though 
the effect is  counterbalanced by agoing# • • . '
Finally# alloy 5*Ur? transforms b o  fa s t tfaafc both a ir  
and o il  coo ling gives only a measure of p 1 retention end water** 
quenching is  eaoonil&l to re ta in  (3 % sufficien t to give subaoquonb 
ageing end hardening ©a tempering*
flie above espXonsfcion is  consistent with tli© ea rlie r  
discussion in  Chapter %  and with figure 103 therein# I t  is* : 
t o e ? ,  completely new th a t ageing should be advanced to- ossplain 
moeliemisn of Imrdoning in  plain  aluminium bronsos* and Also to 
erp la ia  the tempering curves* since th is  mechanism is  superimposed 
on the t r m  martensit©..»transformation ond ' subsequent true  tecperlng#
P lo ttin g  the.m sefasa hardness im e loped 03 tempering against
elirtmiiEa eonhoat# as s to m  in  Figure 14Sy shows a very s im ila r
variation  as £0 r  tho oil-quenchcd carve* ?Mo again supports
the idea tha t oll^quonoMng is  a c r i t ic a l  cooling rate# la  afiioh
sodo ageing occurs on quenching*'
% the alloyed or eosplo% bronses* i t  la  evident' that
ageing ia playing the greater port# possibly duo to augmentation •
by tlio alloying ©lenozito, or possibly ay a secondary ©ffoob*'
Agoing effects are not tsilmom ia  the iron e r  MckeX^ontaining
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alloys# as s h e m  by Oarbor e t ©1 fo r cisgl© alias© aXuElniusa
' B
brdnsos containing nickel# ond.Ponori for sidles? iroixsontainiszg
alloy* This mould also enplaia the double tempering peaks for
alloys f*Sfr and ”0**# Th© fact that th is  double agoing pooh Is not
re f le c te d  in  the  coaisy  oiotoq i s  n o t . lasQspectod# ia  viov? o f the  •
Mgh toi-porattaro of the socond poak x i td o h  oould place the f i r s t
peals i s  the Joinlsy ourvo very , close to the qoeoehod .©ad*. •
A farther qii©st:t:r\ manouerod m  for is  tlsa olonent or
phase causing the  ageing in  the  plain  alloys# sine© only copper
and ©AurAni’-o or© present# Tko only possible esplenatio-e ia  the
case of the plain alloys l ie s  la  tli© varying so lub ility  of
alunSaXum in sooner# v M & h  m m  docrcas© with tccporabure# as shotm 
39 ■ 5?
by Broulcrmki# desp ite  the  . s t ra ig h t  v o r t ic a l  Xia©' shorn by Raynor 
in  the  annotated equilibrium  dlagron* although' th e  l e t t e r  a lso ' 
©sjpeots to  find  the decrease in . so lub ility  by analogy w ith ’ 
ooppor«*Einc and eopper-tin  eyotecis*.
Further support for tho abovo theory is  as fallows f~
a) Tli© Jorlay te s ts  reported In Chapter 11 gave ©urvos 
eliaraotoristio of an age^lmrcioaing alloy* This persis ts  
only up to the point when the quenching ro te  m s ■ 
sufficien t to  re ta in  a (£ 9 free frees ©( *. Further 
proof is  stem  in  Chapter II# Figure 1J4# for alloy ”&* 
whos© altaainiua eoatsnt# nominally XCdp -^ tsas
fo„ i V 1 / for tliis  discussion found to  b© 11*03.^ *
I f  i t  was a true air^hardonisig alloy# then the Joniny 
ourvo would have followed the shape of aa air-hordening 
stool# under tie  olrouostaaoos# the quenched end shows 
a hardness corresponding to a fu ll  solution-treated 
alloy# r ise s  to  a pooh due to  ageing# fa l ls  duo to 
fa ilu re  to  re ta in  a pared p 1 fo r ageing to  take place# 
and is  them ‘superceded by a second m s? m  mMoli represents 
the cdr^eooling cmc-simultaneous agoing of cm alloy 
suffic ien tly  Mgli in  c* -  -mo to- undergo th is  typo of 
Imrde ” #*.,*, 'Hood ea rlie r In th is  section# Partiw r
no lsothem:«al trmiofWrstlcm products vrmro v isib le  ia  the 
donlny epoebmnci*
b) T/ork la  Chapter 11 Into s tab ilisa tion  slmned th a t n o  ' 
retained (X ^ mao present* This is  not mespoeted i f
the true UGolumlsn of hardening is  mainly ageing#
o) Tbs Edorootructures' of the tmapored alloys did not 
shew esy evidence of change ia  structure u n til  well
*» 15'? ** ■ -
beyond the point of .laasdsjura. h$t&dmu&+ This Is  very
ooixm la  ageing sad is  unlike normal toqpsfrlsg o f
'©tools where v is ib le  ©Images oooar la. the jeslovostructures*
Often la  tiio pFoeoat work the mori) a ]_ errsnse, (colour
changing to pink) ©an© sometlsoe before cad soioetlae-g
afte r the peak liardaesa*. I t  Is  eigalfleant tha t ia
alloy©1*!!1*'** iso p f m s  referred cm bnfmrlng end
la  the terpenaknre rcags 6 0 0  ** .fOO 0# though
some raised grains won© eridosb on polished surfaces
o
a fte r snsnaklsg frost m 6p0 or 7^ *5 0 temper*
d) The double hardness peaks for alloys no n sad ”0”,
• f id i  Indicate a *. bio system o f ageing are 
substantiated by the fac t that other alloys were also 
t r e f f t  the sane t  operator© -concurrently* and did
nob snow Idils ataosmailty#
#) Eefercuse to Chapter 9# T&bl© 2 /  m d  figure 103* w ill 
sf  : n  •?” £  a  A m  t l y  © L a r i  C k . f ' r #  1 ,© * .* .  p  a l n a t c s #  s r ©  
su ffic ien t In asay fc&soa to  produce fu ll  ageing#
f) The mjor effec t of oolutIon treatment and ageing' 
ooEporod with iw te n s ltio  harden lug and tempering is  . 
also ©torn ia  the work on isothermal traasfo rartloa  
(Chapter X0)* . I t '  is- obvious that zm c h  of tills  work, 
m s merely an extended study of d ire s t ageing because
tho -cliEviniiio eotiieat o f too alio©© xx ia  iao a ib io so s t 
to  t,I le x?  t h a  f r l v l £ o r o a of f i s  ©ofootoif 
trwwiwifwiiofi to toto plasa* I t  til go eaffooia th a t 
th e  tw e e  givon la  th e  l i t e r a tu r e  os’o
Lmoeros% sieeo ^ f oust ho r o  i or £©raeu to r 
co;oi©2 os* b fa a s ie ra a iie a  to  iaho'' etase# l-iweiealeiirfLy 
la  th e  <m a Of thO OOU&CCC SXloyS* i t  0 fWGOtO th a t  too 
twwwwhafo l i e s  -ah 450** pOCriJ tohosfoeo th e  naudX 
o f fe a t  o f  alle-viaa ©a the  lb  hasaawheFo ia  e te o ls  i s  to
r  ^4opreco too %(x:vnrvMxtam lazjmn Btaaaa th a t for eutoetoid 
aonpositiews ©at itw niohol^DamiGiiiep alleys t£so V,^ 
t o le r a te ®  ia  hiphoa than ohaea in  ChryVf 4* Lijiw© 17, 
i f  ©a© is  iooaffio ioat cv3r.. - so fc r  a Lira eoasXtisios to 
to  4ramt since iho frbr*? 1 Lion io vorg occwlos: "bobeoon 
altEgz&ci ©osiarfj .for a tsaio if Tucocitlo few sib rm iio a  
to- tuho f  offoet ©f ©yoloy oaf t!is e ffec t of
ol2o:/iat ^tioss
a) , J'  ^ opoocl o f teaaofowxtioa io olioas Ly tlw ator 9® 
ilyara fiiioo sloaso th a t ioothomal trcmatormMoa
©ajp la wo ©oeerroi enriag io possible,
and m o  oaX^ noted io  the  p la in  a llo y  of Li *' s i  olcwialun 
coatm t t iw o  the f rie iay  ibaoo to a c '.testa'll tsarorsioa 
row to  yaooher than tho solution treahoonh aai catoiay 
of foot® s mh fwwssibrnotioa vma notoa in othoT 
teworou ooff?los^ o? i:i tbo foialDy tocto*
li) Ihos*o. i s  a l i t t l e  support for tlio txkmro tSaoory — 
the vaXi?©G for lloirer Infiaoo esi tempering* • Alloy "SI** 
..slsowo oossi&DrcAlo re lss& tlon  -ia. s t r a in  hardoning a t  
tho ageing tc^xiratisre* and la  alloy "H** to  a- ' ■
lo o se r csrtont*. vffll© a llo y  fei!s’ skK?G aonGider&bl©
: barfcmirLS a t  tbe pook ageing tocsporature*
l )  Cub-Msera tro & tsm t a t  «*7S^' o f  spooiaons- quoneliod only 
gase no clangs ia  liardnosG* I f  p mis bcdng rotair>ed# 
dospito etsy stalslllootioa mileli lalglrf; limro t&lea plaeo* 
further liardoniag ebould Iiewo oocirtoc!.
c ^ r r r
(l). fha soohaaioa c f  harfaniag o f  Xpgo^ootoeboM* eoppor**
rich  eopncn^almuinh:®! alloy a tlopondo on tiio aXaaiaios. oaitont*
*■&? the las? alisnirnmi eoaboat plain auyrfniosi tax iso  allops^.
/
dgastia Imrdeairig m sb ha employed to  rabam a r-» f fens fron^l. « 
h lih  higher vffe/.fe!h_i contents* blsis &at® o f onnnliiz'ig i s  rogtairod 
to iaMbl;? ageln^# boss draobio xp&soMsg* as i s  obtained with 
©a &it**qQamhp or mb8W![iim% robesMng#. givos* sinaltasoono agoing* 
Age lag is  dsgorfeposocl o&3 is  proh&hlp oeobarrenh with the soroai 
rBrhonaibia brmcdomavim ana subooouont hcnparing*.
(S) Alleging to pndnoo eonplos aJbsiniiin. brasses giros
the sano tppe of ? o s n io3 to  ba&1&*tff©Q!to0s&* bah sona 
ecxMmtiotia o f  olloping olGgxg&s show -fees ageing poobs*
(3) - Xsofliossal .trmsfornaticm. o f plain almdnitm bronsos 
f)mo0Gds either Ipr agobig on ’ lag f o r  aElopo with l o w  
alonfeiios oo*ih€sfeo#. on l:p n m n l  leo'lmemfe tranoferiafeion with 
OaboeioMcl fernahlcm £ o r  th© Mglien aloninion ©onlo-iba*.
(4) fenerhnonts into- ©old ro lling  on both plain  sa l corplccs
aHopo slmnci tha t inaaiL.na softness ouo repaired* end to s t i t  
vim u possible to of font ©aisidorsfel© reductions h j eoM 
rolling*. T h o m  was? corplet® fallen©-to ashler© sim ilar rodnotiosijj
bp ©old dronings though i t  i s  !n-©m th a t other ©nperinonts had booa 
suoaoscful* ..
“Xol *“*■
(g) f  a /oaU j c f  f a  a llo ts  pipos oofteiirg
ppior to tl;o d^TSg/ct'Aff Iho^ mios’y* cod aftos* the lomdosy io  
erosooO. tho la^hiGao- eoniiitioo to dooPoaGO* Siaaliadp# f t  " 
higher. tapxaaiapca the laahliiGoa aftop cpaaGfhLnp ecmhiaiaoa to 
pioo. aftop~tho boiphapy has boon esosoetl#
( 6 )  U & g I s g I  p a i s o t l  t l i o  o t a s l n i a n  e o s t o n t  n o c o o o a p y  f b p  a  .
optoetoicl ollopv
Cf) Spoil ata?o 1. 3"  jOOt gtPOO SttOrOlda of ' iTQ'OF*r&2sh
eaaotitiioah in alloys containing 4o ptlokol»
(8) ’ fho oootioptoal ppopopfioo of e l l  allays opo go eapo-ated
freo' the trrdaeos, tut ecopotfalaliy fioa  _ oialln£» flio dp at1g 
rodaotieii ia  ctoipp tioa  on qan ' t u osa co c I j s  a llo y s fax i 
hiph fcipcpatopes fas hoea ota^v oaos laaf’Eooc^
1 ~ 1 tspipjtoiiati a  pfpQO Iguop elongation eel taeoilo
stPOiiptibJ*
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